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THE COLD EXTRUSION 
PROCESS IS NOW 
AVAILABLE IN BRITAIN 


UP TO 95% MATERIAL USAGE POLLO LALO OPA D “Ly 





Cold extrusion is a process of controlled i 
working which converts a cold steel slug 
into a useful article. 

An unusually high proportion of the in- 
itial blank is usefully employed and close 





tolerances can be held. Economic advan- 
tage over other methods results from ~C@”@0C0:U:// UL lie WML 


" , eno te , Materials Handling Division, Yale and 
material savings and decreased machin- Towne Manufacturing Company, make 


: . considerable savings by using the 
ing costs. extrusion shown on the right in place 
of the conventional forging on the left. 





The heavy cold working imparts the 
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carbon steel whilst the excellent grain 7 
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flow closely following the finished con- g I, 


tour, and the smooth surface finish, show 7 
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to marked advantage under conditions of ; | 
fatigue. Z = — | iss 


Forgings and Presswork Ltd are now 7 
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equipped to produce a wide range of cold “™ . _— . ' 7 

The pattern of flow lines in an extrusion 

(illustrated above) follows the external 

contour closely and is superior even to 

that of a forging where generous mach- 

knowledge to your products. ining allowances are usual and really 
. deep piercing is impossible. 


extruded steel parts and would welcome 


theopportunity toapply theirspecialized 
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RADIO AND ELECTRONIC COMPONENTS Vol. 5 

By G. W. A. Dummer, M.B.E., M.1.E.E., and W. T. Blackband, M.Sc., A.M.1.E.E 

This is the first time that a comprehensive book on Wires and R.F. Cables has been written and the information in this 
book will be valuable to all designers and users of electronic equipment. This new volume of a very well-known series 


covers Wires, Sleevings and Radio Frequency Cables, together with an extensive bibliography. There is also a unique 
World List of both Military and Commercial R.F. Cables, and comparison charts of characteristics. 47/6 net 


INTRODUCTORY NUCLEAR THEORY 
By L. R. B. Elton, Ph.D., F.inst.P. 
PITMAN The fundamental aspects of nuclear physics are treated in detail and those aspects of quantum theory that are required 


for the subject are fully explained. Suitable as a theoretical introduction both for degree candidates and for post- 
graduate students. 40/- net. 


TECHNICAL JET PROPULSION 


By W. J. Hesse, Ph.D 


BOOKS First published in America, the purpose of this work is to present a well-balanced treatment of the subject of Jet Propul- 

sion with emphasis on the “principles of operation'’ for presentation in a course at the junior and senior engineering 
levels or the first-year graduate level. A working knowledge of calculus, physics, thermodynamics, and aerodynamics or 
fluid mechanics is assumed in the reader. 65/- net. 


ELECTRONIC FUNDAMENTALS AND APPLICATIONS 
Parker St., By Johr D. Ryder 


The author has consolidated the fund al ph underlying both the transistor and semi-conductor device 

‘ into one treatment. In addition he has brought together electronics and basic network theory and has emphasized the 

Ki ngsway, standard methods that prevail once an electronic device is reduced to a linear active circuit; the treatment generally is 
qualitative and emphasis is given to the basic properties of an analytic method or process. 60/- net 





London, FACTORY LAY-OUT, PLANNING, AND PROGRESS 


W Cc 2 By W. J. Hiscox. Fourth Edition by James Stirling 


The ideas given in this book 2re based on a very long practical experience of factory organisation and administration, and 
may be applied to any factory engaged upon any class of industry and worked in conjunction with any existing systems 
12/6 net. 


HANDBOOK OF INDUSTRIAL PIPEWORK 


By W. L. Martin, A.M.1.Mech.E. 

This book is mainly intended for those engineers whose knowledge of the subject is not exhaustive and who require a 
comprehensive book showing the grades ef pipework available on the market and operating requirements, the need to 
design a system economical both in capital and operating costs and the efficient use of the materials now available. 30/- net 
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MINIDIGES T. 


A new metallic compound with temperature- 
dependent magnetic properties, announced by 
E. I. Dupont De Nemours & Co., Inc., is 
unique in that it becomes magnetic as tempera- 
ture rises above a point determined by its 
chemical composition, being non-magnetic below 
this point, which can be adjusted over a very wide 
range. The compound is chromium manganese | 
antimonide, and its abrupt magnetic change 
occurs because the distance between its atoms 
determines how the inner magnetic forces are 
lined up. When this distance is less than a 
specific length, the forces are aligned in a 
non-magnetic pattern; when the distance is 
longer, the pattern is magnetic. As heat expands 
the material, temperature causes magnetic 
changes. 


+ * * 


It is reported in the Review of the Electrical 
Communication Laboratory (No. 9-10, 1960) of 
the Nippon Telegraph and Telephone Public 
Corporation that a telephone receiver with 
improved performance has been developed in 
Japan. In the new receiver, the inner and outer 
pole-pieces are arranged concentrically, the 
outer pole-piece being made of iron and the 
inner pole-piece of an alloy containing 45% 
nickel and 55°% iron. The receiver diaphragm 
is made of a special alloy containing 49 % cobalt, 
49% iron, and 2% vanadium, while the magnet 
is constructed of barium ferrite and is surrounded 
by a protective ring to prevent mechanical 
shock. It is stated that the new receiver has a 
specific response about 5 dB higher than that of 
conventional telephone receivers and is cheaper 
to produce. In addition, owing to the use of 
barium ferrite magnets, it is unaffected by 
temperature changes. 


* * * 


It is known that failure of specimens at their 
thickest point in creep-rupture tests sometimes 
occurs, even though it is reasonable to expect 
that such failures should occur in the thinner 
sections, where the stress is presumably higher. 
Tests have been carried out in the U.S.A. to 
determine the reason for this anomaly and, as 
reported briefly in Product Engineering for 
March 13, 1961, it has been found that these 
failures take place only in air, never in a vacuum, 
and only under conditions where stress is low 
and temperature is fairly high, despite the fact 
that, under these conditions, rupture strength is 
normally higher in air than in a vacuum. One 
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The Majesty 
of Mars 


This is a view of Mars from its nearer moon Phobos 3,700 miles away. It is early Spring 
on the planet, the polar caps are retreating whilst the dark areas . . . almost certainly 
vegetation. . . are expanding. The dusky red glow comes from the desert areas. 

The little moon we are standing on is only ten miles in diameter, a chunk of rock roughly 
twice the size of Mt. Everest. Its gravity is so weak that a man in any sort of condition 
whatsoever could easily leap off into space. 

Mars is inevitably one of the goals of our advancing technology and in that technology 
““Capital’’ High Speed Steel Twist Drills, Cutters, Reamers, and other Engineers’ Tools 
have pride of place. Balfours have always produced Tools and Steel for the World: soon 
it will be for the Worlds. 





ARTHUR BALFOUR 





MINIDIGEST_ 


possible explanation is that, in air, at tempera- 
tures in the range of 1500°F, oxidation- 
strengthening occurs, and this has relatively 
deeper penetration and consequently a greater 
effect on thinner sections than on _ thicker 
sections. 


* * * 


Although the light-transmission properties of 
transparent corrugated sheets of glass-fibre- 
reinforced polyester have been considerably 
improved during the past few years, attempts to 
improve their transparency naturally have a 
limit, determined by light losses caused by 
reflection at the surface. In order to ascertain 
this limit, the reflecting characteristics of 
several types of corrugated sheet have been 
considered theoretically and are reported in a 
paper in Kunststoffe (combined with German 
Plastics Digest) for March 1961. It is shown 
that light loss is determined not only by refrac- 
tive index and angle of incidence, but also by 
the actual form of the corrugated sheet, and it is 
proved mathematically that the best corrugated 
sheet produced on a commercial scale is that 
which has an arc profile, though, even in this 
case, from 5 to 11 % at least of the light is lost as 
a result of reflection. 


* * 


Developed by the Air Force/‘Cambridge 
Research Laboratory at Bedford, Mass., and by 
Arthur D. Little, Inc., of Cambridge, Mass., 
a new multi-purpose, high-intensity, arc-imaging 
furnace makes it possible to grow rubies, 
sapphires, and silicon carbide crystals and can 
also be used for refining, chemical processing, 
and welding materials in any atmosphere or in a 
vacuum, without any risk of contamination. 
Essentially, the furnace comprises two opposing 
concave mirrors, arranged in “clam-shell”’ 
fashion, with apertures in the top of each 
mirror, behind which are respectively located 
the arc and the specimen, the radiant energy 
from the arc being reflected back and forth from 
the mirrors and finally focused onto the speci- 
men as a spot of 4 in. diameter, capable of 
producing temperatures in excess of 6700°F. 
By locating the arc and the specimen outside the 
reflecting system, shadowing losses are sub- 
stantially reduced. In addition, because the 
radiant energy is optically concentrated on the 
specimen at some distance from the arc, 
contamination is eliminated and better control 
over temperatures is achieved. 
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HALLMAC STOCK LIST 
Send for YOUR copy NOW! 











immediate answer to customers 
requests 


HALLMAC TOOLS 


Limited 


re KOT ole 
TOOL SPECIFICATIONS ! 


=~ Engineers’ Small Tools, Macrome Treated Tools, Hand and Power Tools 
HALLMAC carry in stock the most comprehensive range in the United Kingdom. 
& Each brand is carefully selected for its high quality, and Hallmac’s countrywide 
distribution and service network guarantees speediest delivery of ALL your tool 
requirements, even “specials” and “extra specials”. So why not simplify your 
tool-buying by using this ONE reliable SOURCE? Then you can stop worrying 
about many suppliers of varying efficiency, countless barren ‘phone calls, and 
extra burdens for your accounts department. Start proving for yourself the new 
efficiency the Hallmac service brings. Send NOW for the latest 52-page Hallmac 
F Stock List, recognised as the foremost of its kind ! 





po 
“qe HALLMAC TOOLS LIMITED 
\ Head Office & Depot: P.O. Box 39, Macrome Road, Wolverhampton Telephone : 52001 (15 lines) 
y LONDON MANCHESTER GLASGOW 
; Suite 418, Cayzer House, 1 Lloyd Road, Manchester Central Chambers, 11 Both- 


2/4 St. Mary Axe, E.C.3. 19. Telephone Heaton Moor well Street, C.2. Telephone 
Telephone AV Enue 5792 | 3255 | CENeral 5066 











BUSINESS NOTES 


VOGUEERUAUNOAAUNUGDNOREROONOUNT ORGAO AA OEOUOGU AD NEOU AON EO NOD OD OER ADOCSECONGE.| 


It is announced by Stern & Bell Ltd., of Birmingham, 
that their Steel Stockholding and Forging Divisions have 
been transferred to their works at Warstock Road, 
Birmingham, 14 (Tel: Maypole 3141). 


+ % * 


Davy-Ashmore Ltd. announce the formation of a new 
subsidiary, the Davy-Ashmore Export Co. Ltd., with 
offices at 15 Portland Place, London, W.1 (Tel: LANgham 
$588). The new company will manage and develop the 
overseas selling and engineering organization and will 
promote a further extension of the group's export trade. 


* * * 


John Thompson Industrial Constructions Ltd. (“Indus- 
con’’), a member of the John Thompson Group of com- 
panies, have taken over the administration of the John 
Thompson Conveyor Co. Ltd. 


* * * 


Telehoist Ltd., of Cheltenham, have acquired the 
European and Commonwealth manufacturing rights of 
the complete range of electro-hydraulic servo-valves and 
associated electronic equipment designed by Pegasus 
Laboratories Inc., of Detroit, Michigan, for industrial, 
aircraft, and missile applications. 


* * * 


Following the acquisition of 51° of the share 
capital of the Tieghi Company, of Milan and Lenno, 
manufacturers of industrial instruments and controls, 
by George Kent Ltd., of Luton, Beds., a new company, 
Kent-Tieghi S.p.A., has been formed and has purchased 
the whole of the assets and goodwill of the Tieghi 
Company. 


* * * 


A new British subsidiary, to be known as the 
Controls Company of America (U.K.) Ltd., has been 
formed by the Controls Company of America, manu- 
facturers of controls and control systems. The new 
company will be under the direction of the American 
organization’s Canadian subsidiary. Assembly opera- 
tions have already started at a factory in Woking, 
Surrey, which will become the headquarters of a planned 
extension, leading eventually to a chain of factories 
throughout the U.K. 


* ” * 


The Press and Shear Machinery Co. Ltd., of 172-178 
Victoria Road, London, W.3, have been appointed sole 
distributors and licencees for the complete range of 
up-stroking hydraulic press brakes manufactured in 
France by Promecam S.A., of Saint Denis, Seine. 


* * 7 


Arrangements have been made whereby the servicing 
of radio-frequency induction heaters made by The 
English Electric Co. Ltd. will be taken over, as from 
June 1, 1961, by Delapena and Son Ltd., of Tewkesbury 
Road, Cheltenham, following the cessation by English 
Electric of activities in the radio-frequency field. 
Continuity of servicing, maintenance, and supply of 





spare parts to all present users of this heating equipment 
is thus assured by this arrangement with Delapena, who 
are specialist engineers in induction heating. 


+ * a 


It is announced that Dorman Machinery Sales Ltd., 
of Woodside Hill, Chalfont St. Peter, Bucks., have been 
appointed sole agents in the U.K. for the range of 
thread-rolling machines manufactured in France by 
Escofier. Four models of these machines, with capacities 
from 5 to 30 tons, are available, together with various 
designs of automatic loading equipment. 


* * * 


Birfield Ltd. wish it to be known that the voluntary 
liquidation of Bodmin Tools Ltd. (formerly Birfield 
Tools Ltd.) is entirely a matter of internal re-organization, 
and all creditors have been or will be paid in full. This 
re-organization in no way affects the activities of the 
present Birfield Tools Ltd., who will continue to trade 
from their new factory at Old Bromford Lane, Stechford, 
Birmingham. 


*” * + 


Preliminary plans have been completed for the 
manufacture and distribution in the U.S.A. of the 
range of materials-handling trucks produced by Lansing 
Bagnall Ltd. These trucks will be made in the U.S.A. 
by the Towmotor Corporation, of Cleveland, Ohio, one 
of the largest American manufacturers of industrial 
trucks. Under a reciprocal agreement, Towmotor 
products will be manufactured at the factory of Lansing 
Bagnall in Basingstoke, Hants., and marketed by them in 
Europe, Africa, and Asia. 
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EXPERIMENTAL SPRINGS? 





No. 1200 
Three dozen Assorted Light 
Expansion Springs, suitable for 
carburettor control, etc. 15/-. 


Don't 
grope here... 





No. 760 
Three dozen Assorted Light 
Compression Springs. 1” to 4” long, 
22 to 18 S.W.G., 4” to 4” diam. 7/6. 







Select your 


Springs 


No. 98A 
Three dozen Assorted 1” to 4” 
long, be to }?” diam., 19G to 
15G. 6/6. 





Extra Light Compression, 1 
gross Assorted, $” to 4” diam., 
i 24” long, 27 to 19S.W.G. 











No. 753 
Three dozen Assorted Light 
Expansion }” to 4” diam., “dl to 6” 
long, 22 to 18 S.W.G. 12/- 








Have you a Presswork problem? 


Ifso, the help of our Design Staff is yours for the asking. 





Really interested in Springs? 
“Spring Design and Calcula- 
tions” 10th Edition tells all— 
post free 12/6. 








Cut Production Costs with Terry's 
Wire CIRCLIPS. We can supply 
immediately from stock — from 
*” to ". 














Fine Expansion (Springs. i 
gross Assorted o f° diam., 
is to 2” long, 2 to 20 S.W.G. 
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Looking for good Hose Clips? 
Send for a Sample of Terry’s 
Security Worm Drive Hose 
Clip and price list. 
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No. 1217 
One gross 
\ssorted Springs 
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That spring you want... in 
a hurry . . . where is it? 
Pick what you want, when 
you want it, from Terry’s 
BOXES OF ASSORTED SPRINGS 
—our fine range of small 
boxed assortments of 
experimental springs. We 
can show you only a few 
from the range here. Send a 
postcard for our full list— 
and if ever you’re stuck 
with a spring problem send 
it along to our Research 
Department—they’ll gladly 
help you out. 





or SPRINGS 





HERBERT TERRY 
& SONS LTD. 
Redditch, Worcs. 


(Makers of Quality Springs, 
Wireforms and Presswork for 


over 100 years.) HTHC 











CONTRACTS 


Hayward Tyler & Co. Ltd., a member of the Stone- 
Platt Group of companies, have received from Babcock 
& Wilcox a contract, valued at about £100,000, for the 
supply of 16 low-pressure and 16 high-pressure glandless 
motor-pump units for water circulation in the heat 
exchangers for the Sizewell Nuclear Power Station. 


* * * 


Valued at approximately £60,000, orders have been 
received by The Bronx Engineering Co. Ltd. from 
Czechoslovakia for equipment covering a press brake, a 
mill for making hoes, spades, and shovels, a process 
levelling machine for processing sheet steel before 
deep-drawing, and a large tube-straightening machine. 


* * - 


The two largest gear-hobbing machines to be 
imported into Canada since the end of World War II are 
being supplied to the Dominion Engineering Company, 
of Lachine, Montreal, by the Machine Tool Division, 
Manchester, of David Brown Industries Ltd. The 
machines concerned are a David Brown MH-100 
heavy-duty and precision gear- and pinion-hobbing 
machine with a capacity for cutting gears up to 120 in. 
in diameter, and an MH-72 model with a capacity up to 
90 in. The order, which was obtained in the face of keen 
competition, particularly from American, German, and 
other British firms, is valued at more than £110,000, and 
the machines will be used by the Canadian company for 
the manufacture of precision high-speed gearing for 
marine- and land-turbine installations, and for the 
mining, steel, and other heavy-engineering industries. 


* * * 


The Davy and United Engineering Co. Ltd., a member 
of the Davy-Ashmore Group, has received an order, 
valued at about £1,000,000, from Shelton Iron and Steel 
Ltd. for the design, supply, and installation of oxygen- 
blown Kaldo-furnace plant at their Etruria Works, 
Stoke-on-Trent. Davy and United Engineering Co. 
Ltd. will also be responsible for the overall engineering 
of the whole of this project, which will comprise the first 
complete steel-melting shop in the U.K. to use Kaldo 
furnaces. These furnaces will have a capacity of 55 tons 
of liquid steel at each charge. 


* * * 


A contract, valued at £18,000, has been awarded to 
William Boby and Co., the water-treatment engineers, 
of Rickmansworth, Herts., by Monsanto Chemicals Ltd. 
for the supply of a de-aeration plant for their factory in 
Ruabon, North Wales. 


a7 * * 


A substantial order for their 1-6-litre Perkins Four 
99 diesel engines for installation in the Russian “Volga” 
car has been received by Perkins Engines Ltd., of Peter- 
borough. This order follows the successful conclusion 
of negotiations between Russia and Beherman-Demoen, 
the well-known Belgian motor firm, who plan to assemble 
Volga cars in Antwerp. It is believed that this is the 
first time that Russia has ever agreed to the fitting of a 


10 


foreign engine in their cars, though it is true that more 
than 100 of these engines, which are rated at 43 bhp at 
4000 rpm, have already been sold by the Perkins dis- 
tributor in Finland to replace petrol engines in Volga 
cars. The six-seater Volga, with bodywork modified by 
Ghia, the Italian designer, is expected to sell well in 
Belgium and other countries, and the Belgian company 
plans to retail the diesel version of this car at the equiva- 
lent of about £820. 


* * * 


Richardsons Westgarth (Hartlepool) Ltd., of Walls- 
end, Northumberland, announce that they have received 
through Brown-Boveri, of Switzerland, an order 
approaching £100,000 in value for the supply of three 
three-pass steam condensers of 14,700-sq ft surface, 
together with associated equipment. 


* oF ~ 


A contract, valued at more than £3,000,000, for the 
establishment of a complete paper mill in Yugoslavia 
has been awarded by Jugotehna, of Belgrade, to 
Millspaugh-Wimpey Ltd., of London, W.6., in the face of 
strong international competition. The mill will be 
operated by the Yugoslav organization, Tvornica 
Sulfatne Celuloze y Papira, and will be located at Plaski 
in Croatia, about 60 miles from the port of Rijeka. More 
than 90% of the equipment for the project will be 
manufactured in the U.K., and the contract includes not 
only the design and supply of all plant and equipment, 
but also technical assistance in the erection of the mill, 
which will produce 120 tons of pulp and paper per day. 




















CHAPMAN & HALL 





SELECTED PAPERS ON 
STRESS ANALYSIS 
Published for 
THE INSTITUTE OF PHYSICS 


Papers presented at the Stress Analysis Group’s 
Conference at Delft, 1959. 50s. net. 
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New Books from 
Reinhold Publishing Corporation 


ELECTRONIC 
MAINTAINABILITY 














Edited by F. L. ANKENBRANDT 
Illustrated—80s._ net. 


MATERIALS SELECTION 
FOR PROCESS PLANTS 
By RusseLL E. GACKENBACH 
Illustrated—68s. net. 








37 ESSEX STREET, LONDON, W.C.2. 
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HANCOCK 


make news—in oxygen cutting 


N Ew? HANCOCK 


LIGHTWEIGHT FLAME PLANER 


Cuts all four sides of a plate at the same time 

Hancock’s lightweight Flame Planer is a_ simplified 

version of their tremendously successful Hancoplane. 

It embodies most of the important features of the Hanco- 

plane in a machine costing substantially less than other 

machines of similar capacity and performance. 

* Deals with plate up to 12’ 0” wide and with a standard 
length of 30’ 0’—this can be increased to any desired 
length. 

* Cutting heads can be adapted to cut “slow” curves. 








NEW? wancock 
TUBE PROFILING MACHINE 


Makes its own templates direct from 

drawings! 

* Suitable for the weld preparation of pipes 
from 3”—12” dia. 

* Fitted with a multiplying device—to save 
templates. 








WIN a new Hancock O01. U-arm 
Machine! 


To celebrate their fortieth year Hancocks will be giving 
this valuable machine to the owncr of the oldest 
Hancock profiling machine. Entries close August 
31st, 1961. Please write and let us know your oldest 
machine. 











Many of the well known range of oxygen cutting machines 
including the famous Hancoline can be seen at the: 

1961 Engineering Marine ‘Welding & Nuclear 
Energy Exhibition 


STAND No 6 ROW X 


HANCOCK & CO. (Engineers) LIMITED 


Progress Way « Croydon - Surrey 
Telephone: CROydon 1908 
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PERSONAL 


Mr. R. S. Falk, O.B.E., deputy chairman of the 
Provincial Insurance Co. Ltd. and a director of Produc- 
tion-Engineering Ltd. (management consultants) has 
been appointed to the Council of Industrial Design for a 
further period of two years. 


* * * 


The Institution of Mechanical Engineers announce 
that, following the wish of the Institution Secretary, 
Mr. B. G. Robbins, M.Sc.(Eng.),  F.C.G.L, 
M.1.Mech.E., to retire before the normal retiring age, 
Mr. K. H. Platt, M.B.E., B.Sc., M.1.Mech.E., will 
succeed Mr. Robbins on June 1, 1961. Mr. Robbins was 
appointed Secretary in January 1951. 


+ * * 


The Steel Company of Wales announces that Mr. G. 
Walker has been appointed public-relations officer and 
will in future be based at the London office at Margam 
House, St. James’s Square. In his new position, he will 
have the additional duties of advising the chairman and 
the sales controller on matters affecting prestige and 
commercial advertising. Mr. W. Leyshon, who was 
assistant information officer, has now been appointed 
information officer and will take over the duties formerly 
carried out by Mr. Walker at Port Talbot. 


* * * 


Major F. D. Outridge, R.A. (Retd.), F.C.C.S., has 
been appointed assistant to Captain R. A. Villiers, 
C.B.E., director of The Scientific Instrument Manu- 
facturers’ Association, of London, W.1. 


* * - 


It is announced by D. Napier and Son Ltd., of 
London, W.3, that Mr. P. J. Daglish, who joined the 
company as a special executive in September 1960, has 
now been appointed to the board as commercial director. 


* * * 


Mr. J. Oldroyd, T.D., M.A., F.C.L.S., who has been 
secretary of The British Electrical and Allied Manu- 
facturers’ Association since 1952, has been appointed 
general manager of The Lead Development Association. 


* * * 


The Esso Petroleum Co. Ltd., of London, S.W.1, 
announce that Mr. E. F. Choppen has rejoined their 
board of directors after completing a year’s assignment 
with the Standard Oil Company (New Jersey) in New 
York. Mr. L. B. Johnson has also been appointed a 
director of the company. 


* * * 


Mr. K. A. Oliver has been appointed chief metallurgist 
of The Brightside Foundry and Engineering Co. Ltd., of 
Sheffield. 


* * * 


It is announced by Sanderson Brothers and New- 
bould Ltd., of Sheffield, that Mr. H. A. Latham has 
been appointed a director of the company. 
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nylon 
at its best 
is called 


The Nylastic bearing is now 
firmly established as the 
ideal bush for swivel arm 
and lever applications. Ny- 
lastic is also used for steer- 
ing joints, diesel fuel pump 
coupling discs, chain re- 
action pads, cable support 
clips, and is used with com- 
binations of rubber and 
metal for steering column 
bearings, anti-vibration clips, 
earthing clips, etc. 


The experience gained over 
the past years enables us to 
give a unigue service in 
advice and design for this 
increasingly popular mater- 
ial. Our Technical Staff is 
available to give you infor- 
mation and suggest schemes 
for your particular applica- 
tions. 


WELLESBOURNE 


WARWICK 


Phone: WELLESBOURNE 316 
Grams: ‘CLATONRITE’ Wellesbourne 


THE ENGINEERS’ DIGEST 





THE MARS 


50 H.P. GAS TURBINE DRIVEN WATER PUMP 


In addition to its remarkable performance as a water pump, 
use of the turbine exhaust for de-icing and other emergency 
heating, drying applications—practical developments of this 
unit include manufacture of inert gas and improved production 
of foam. The Mars gas turbine, made under licence from 
Solar Aircraft Company, San Diego, California, U.S.A. is 
designed for easy hand starting even in extreme conditions. It 
is one of the simplest fuel burning engines ever developed, 
requires little maintenance and infrequent 
overhaul. It is compact and extremely light 
in weight. 
* PUMP RATING 500 Imp. g.p.m. at 100 p.s.i.g. dis- 
charge pressure. 2273 litres/min. at 7.03 kg/sq.cm 
for firefighting, salvage, etc., equally suitable 
for shipboard and land installations with fresh or 
sea water: 
COOLING 
cooled 
STARTING Handcrank, magneto ignition 
OPERATING RANGE Minus 30°F to 130°F 
(—34°C to 54°C) 
PRIMING Ejector 
the.engine 
FUELS Diesel, paraffin, Kerosene, JP1, 2, 4, 5 
INSTRUMENTS Exhaust gas temperature pyro- 
meter. Tachometer with hourmeter. Lubricating 
oil pressure gauge. Fuel pressure gauge. Water 
pressure gauge 
MOUNTING None required 
unit—free of vibration. 
CONNECTIONS One-4in, suction. Two-2} in. dis- 
charge. Threads and valves to specification 
WEIGHT— 180 Ib (82kg) without fuel tanks 


+) 
None self- | 


required—the engine is 


compressed air supplied by 


frame assembled 


Other applications of the 
include :— Instructional Sets, Electric Generating 
Sets, Auxiliary Power Units, Compressor Sets. 
Bleed Air-requirements, De-icing, Packaged Power 
Plant, Process needs of Heat and Power. 


MARS gas Turbine 


See Perkins Diesels, Gas Turbines and Marine 
Outboards on Perkins Stand No. 9, Row M Ground Floor, National Hall, 
at the Engineering, Marine Welding and Nuclear 
Exhibition, Olympia. 


et 


THE SATURN 


750 KW T 1000 GAS TURBINE GENERATING SET 


The SATURN Gas turbine is one of the most advanced en- 
gines of its type ever developed to give a thermal efficiency of 
22%, in simple open cycle form. Push button starting is auto- 
matically sequenced, the engine reaches full power in a maxi- 
mum of 40 seconds even in extreme climatic conditions and 
after long periods of standby service, thus saving valuable time 
and fuel wasted with conventional plant. Vibration problems 
are eliminated, a foundation is not necessary and installation 
costs are low. The engine can be operated by relatively un- 
skilled personnel. Simplicity of design and accessibility of 
components facilitate maintenance. Few moving parts and an 
air cooling system assure dependability. 

Other applications include 

PUMPS Salvage, flood control and product pipe line pump- 
ing are ideal requirements for the SATURN gas turbine 
Compact and lightweight, the engine is equally suited for 
mobile equipment. 

COMPRESSORS Direct drive of 20,000 r.p.m. is available for 
use with the latest designs of high speed air and gas compress 
ors. Reduction gearing can therefore be eliminated to reduce 
first cost and maintenance. 

MARINE PROPULSION The two shaft variable speed version 
provides a “‘torque-converter”™ effect giving quicker accelera- 
tion, better manoeuvreability and positive emergency stops 
This has particular appeal for hydrofoil craft to overcome 
“hump” resistance. 


pt. 


—-N 
dk - . 


PERKINS GAS TURBINES LIMITED 


PETERBOROUGH ENGLA 


ND 
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NEWS ROUND-UP 


The Arc-Welding of Aluminium 


Since the publication in 1955 by The Aluminium 
Development Association of their Information Bulletin 
No. 19, entitled “The Arc-Welding of Aluminium’’, 
considerable progress has been made with the develop- 
ment of the two inert-gas-shielded arc processes now 
known as “TIG” (inert-gas tungsten arc) and “MIG” 
(inert-gas metal arc). For this reason, an addendum to 
Information Bulletin No. 19, entitled ““Notes on Process 
Selection and Filler/Electrode Materials” has now been 
issued by the Association. 

This addendum gives further guidance on the choice 
of welding processes and takes into account develop- 
ments in fine-wire welding with the MIG gun. In addi- 
tion, information is given on the appropriate filler or 
electrode to be used for welding pure aluminium to one 
of its alloys or to dissimilar alloys, and also for welding 
wrought aluminium to east aluminium. 

Copies of this addendum are now being included in 
Information Bulletin No. 19, but are also available. 
separately on request to The Aluminium Development 
Association, 33 Grosvenor Street, London, W.1. 


The International MESUCORA Exhibition 


The 58th Exhibition of the Société Francaise de 
Physique, designated the International MESUCORA 
Exhibition (Mesure-Contréle-Régulation-Automatisme) 
will be held in Paris between May 9 and 17, 1961, and 
will feature the products of more than 700 manufacturers 
of equipment in the fields of measurement, control, 
regulation, and automation, representing the participa- 
tion of 14 countries, including France, Great Britain, 
Switzerland, Germany, Italy, Belgium, The Netherlands, 
Denmark, and the U.S.A. Among leading French 
organizations, both public and private, taking part are 
the Commissariat a l’Energie Atomique, Centre National 
d'Etudes des Télécommunications, Institut d’Optique, 
Laboratoire Central de l'Armement, Laboratoires de 
Physique Appliquée, Centre National de l’Automatisa- 
tion, the Research Division of Electricité de France, 
Laboratoire Central des Industries Electriques, and 
O.N.E.R.A. 

The exhibition will be held in the Centre National des 
Industries et des Techniques, the enormous hall which 
has already housed such specialized exhibitions as the 
Sixth European Machine Tool Exhibition, the Inter- 
national Materials Handling Exhibition, and the French 
Machine Tool and Plant Equipment Biennial. This hall 
has a vaulted roof which is 165 ft high and 290,000 sq ft 
in area, and which covers five floors, whose total area is 
about 1,075,000 sq ft. The present exhibition will cover 
an area of over 375,000 sq ft, with the equipment on 
display grouped in major sections, i.e., control and 
regulation, automation, meters and measuring instru- 
ments, radio and electronics equipment, relays, optical 
instruments, and a special section for the Société 
Frangaise de Physique. 

Concurrently with the exhibition, an International 
Congress is being organized in conjunction with a 
number of scientific bodies. The general theme of this 
congress, which will be attended by leading scientists 
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Aj (UVF 

OWING 

PRESSURE 
need not 


be wearing 


Young Hydraulic Valves are precision 
made from high-grade materials 
ensuring wear-free, top performance at 
maximum pressure. This combination 
gives complete, finger-tip control at all 
lever positions, whatever the pressure 
and with no load drop even when 
several cylinders are used simultaneously 
The design of Young Valves enables 
them to be built up into composite 
banks — the range includes capacities 
from 15 to 45 g.p.m. at operating 
pressures up to 2,000 p.s.i. The range of 
Young heavy duty Hydraulic Pumps 

is equally outstanding — they incorporate 
many exclusive design features and 

are available in capacities from 12°5 to 
30 g.p.m. at 1,000 r.p.m. For full 
information write now under ref E.D.2 


HYDRAULIC PUMPS 
AND VALVES 
at heart 


JOSEPH YOUNG @ SONS LIMITED~ KAY STREET 
BOLTON - LANCASHIRE 


Telephone: Bolton 21431/2 Telegrams: Hydraulics Bolton 


@YS.2 





Mechanical strength... outstanding resistance to corrosion, 
heat, moisture .. . excellent electrical properties 
attractive surface gloss... fully integrated colours... 

t h e b e st of To this powerful combination of properties add excellent 
low-pressure mouldability, easy flow, rapid cure and it becomes clear 
that Rockite Polyester Dough Moulding Compounds 

al | WoO rl d By give you the best of all worlds. 
Specially formulated to meet the exacting requirements 
e of the engineering and electrical industries, Rockite DMC 
W | t h frees the component design engineer from limitations 
imposed by conventional materials. 
Housings for components, all-weather supports for pipes, 
accessories for motor cars, fittings for boats, 


ROC 4! q e heavy duty electrical switchgear—these are just some 
of the many important uses of Rockite DMC. 


For full details of this unique light engineering material 


DNC please write for Booklet No. 121. 


Rockite is a reg’d trade mark 





British Resin Products Ltd xe 


DISTILLERS PLASTICS GROUP 








SALES AND TECHNICAL SERVICE DEVONSHIRE HOUSE PICCADILLY LONDON W1 HYDE PARK 0151 
Distitiou Plast 
imHers asuca Aewe Everyman 
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NEWS ROUND-UP 


UT 


from all over the world, will be recent interrelated 
advances in mechanical, electrical, electronic, and 
nuclear techniques, and in automatic regulation, control, 
and measurement. The programme will include ten 
sessions, each session comprising the reading of four 
papers. The provisional subjects to be covered include 
new factors in measurement instrumentation, the 
application of new measuring procedures, the measure- 
ment of the physical properties of materials, quality 
control in industrial production, the recording and 
exploitation of measurement data, servo-systems and 
their component elements, industrial applications of 
automation, and measurements in the field of nuclear 
energy. 


Industrial Finishes Exhibition and Convention 


Devoted solely to industrial finishes and believed to 
be the largest and most important of its kind, the First 
International Industrial Finishes Exhibition will be held 
at Earls Court, London, between May 8 and 11, 1961. 
Covering equipment, materials, plant, and processes, the 
exhibition will cater for metal pretreatments, paints and 
their applications, electroplating, galvanizing, metal 
colouring, anodizing, plastic covering, vitreous enamel- 
ling, shot-blasting, vacuum deposition, instrumentation, 
and all necessary ancillary equipment for the finishing of 
industrial products. In addition, a Convention will be 


held conjointly, at which various papers covering many 
aspects of the industry will be presented, 


including 
automatic polishing, surface-coating methods and 
equipment, nickel-chromium plating, organic coatings, 
aluminium-finishing, metal-spraying, and the use of 
titanium in industrial finishing. 

Registrations as Convention Delegates should be 
made to The Convention Secretary, Scientific Surveys 
Ltd., 97 Old Brompton Road, London, S.W.7. The fees 
are one guinea, or three guineas with printed papers. 


International Plastics Exhibition 


This year, the International Plastics Exhibition 
(“Interplas 61°) will be held at Olympia, London, 
between June 21 and July | and will show many thousands 
of finished products to illustrate the most up-to-date 
contributions of plastics to consumer goods and indus- 
trial components. The exhibition, organized by the 
lliffe journals, British Plastics and International Plastics 
Engineering, with the co-operation of the British Plastics 
Federation, has been held every other year since 1951. 
The attendance at the last show was more than 106,000, 
and it is confidently believed that this figure will be 
exceeded in the case of the new exhibition. In fact, more 


than 350 firms have already arranged to display their 
products, the countries represented including (in addition 
to Great Britain) Austria, Belgium, Denmark, Finland, 
France, Germany, Italy, Sweden, Switzerland, The 
Netherlands, Canada, and the U.S.A. 

The exhibits will cover an area of about 260,000 sq ft 
and will comprise machinery, materials, and products 
representing a complete picture of world progress in 
plastics. In addition, comprehensive displays of fabricat- 
ing and ancillary equipment, demonstrated by the major 
machine builders, will highlight the latest advances in 
plastics moulding, vacuum-forming, blow moulding, and 
extrusion, while a complex array of modern plastics 
materials will include an extensive range of typical end 
uses, both current and potential, as well as many new 
materials now under development. 

Tickets and further information regarding this 
exhibition can be obtained from Iliffe Exhibitions Ltd., 
Dorset House, Stamford Street, London, S.E.1. 


Stainless-Steel Exhibition 


Sponsored by the Stainless-Steel Manufacturers’ 
Association, and featuring the products of more than 200 
companies to illustrate the design, fabrication, and 
application of stainless steel, the Stainless-Steel Exhibition 
at the Mayfairia Rooms, Marble Arch, London, W.1, 
features the largest display of British stainless-steel 
products ever made. The exhibition, admission to which 
is free, closes on May 4, 1961, the hours of opening being 
between 10.30 a.m. and 6.00 p.m. 

A wide variety of exhibits, ranging from cuff-links to 
cookers, as well as displays and photographs, highlight 
the technical advances made by the stainless-steel industry 
during the past few years. Items featured include 
examples of the use of stainless steel in building and 
architecture, motor-car trim, domestic ware of all kinds, 
aircraft and accessories, gardening tools, brewery and 
dairy equipment, sports gear, surgical instruments, and 
nuclear installations. 





Classified Advertisements 





17-ROLLER eet STRAIGHTENING OR PROCESSOR 
VELLING MACHINE 
FOR SALE 
By Head Wrightson 
for rectifying mild steel sheet having a yield point not exceeding 
20 tons p.s.i. in widths up to 96” and up to 16 S.W.G 
Two brushes and two paraffin sprays 
57 backing-up rollers. 
Motor drive, 50 h.p. 400-440/3/50 
Weight about 20 tons. Floor space 18 ft. x 9 ft. 


F. J. EDWARDS LIMITED, 
359, Euston Road, London, N.W.1. Euston 5000 or 41, Water 
Street, Birmingham 3, Central 7606. 





C3 OO € & > By 


CATALOGUE from ANDERTON SPRINGS Ltd. (A2) BINGLEY 2388 
London Office: HOLborn 5151 & 5305 
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NEW TECHNICAL BOOKS 


Year Book of the Heating and Ventilating Industry. 
506 pages. Publishers: Technitrade Journals Ltd., 
11/13, Southampton Row, London, W.C.1. Price 15 
(postage 1/6). 

Produced in collaboration with the Association of 
Heating, Ventilating, and Domestic Engineering Employ- 
ers, this fourteenth issue of the Year Book of the Heating 
and Ventilating Industry is. as always, a compact volume 
which provides comprehensive technical, contractual, 
and other trade information for the benefit of architects, 
consulting engineers, surveyors, and all others who are 
continually in close contact with heating and ventilating 
contractors. 

In addition to making available up-to-date informa- 
tion on virtually ail aspects of the heating and ventilating 
industry, this useful book includes authoritative articles 
on specialized subjects, including design problems of 
radiant heating, the thermal behaviour of a building, and 
boiler water treatment, as well as sections devoted to 
rates of wages, conditions of trading, selected lists of 
British Standards, a buyers’ guide, trade names, addresses 
of manufacturers, technical and trade associations, and 
the names and addresses of consulting engineers. 


Kempe’s Engineers Year-Book, 1961. Edited by 
C. E. Prockter, M.I.E.E., M.I.Mech.E., under the 
direction of B. W. Pendred, M.I.Mech.E., M.1.S.I. 
2732 pages. Publishers: Morgan Brothers (Publishers) 
Ltd., 28 Essex Street, London, W.C.2. Price (two 
volumes in case): 87/6; postage 2/6. 

Covering in its 79 chapters practically every branch of 
engineering, both in theory and in practice, this 66th 
edition of Kempe’s Engineers Year-Book provides the 
answers to all those innumerable queries requiring a 
ready and authoritative answer in all fields of engineering. 

As in every edition, each chapter receives the close 
attention of a well-known authority, ensuring that its 
contents are kept up to date. Thus, in this latest edition. 
the chapters on Motor Vehicles (replacing Road 
Vehicles) and on Forging Hammers and Drop-Forging 
Plant have been rewritten, as also has the section on 
heating in the chapter on Heating, Ventilation, and Air 
Conditioning. In addition, major revisions have been 
made to the chapters on Heat, Optics, etc., on Hydraulics 
(Mechanics of Fluids), and on Units of Measurement. 
while supplementary data have been incorporated in 
thirteen other chapters. Alterations and additions 
resulting from the issue of new and revised British 
Standards have also been included. 


The Wire Industry Encyclopedic Handbook, 1961. 
528 pages. Publishers: The Wire Industry Ltd.. 33 
Furnival Street, London, E.C.4. Price: 25/-. xe 

Constituting a handy but authoritative and compre- 
hensive guide to manufacturers and users of ferrous and 
non-ferrous wire, this latest issue of The Wire Industry 
Encylopedic Handbook has been extensively revised to 
ensure that information on manufacturing processes 
materials and their properties, machinery. British 
Standards Specifications, suppliers of wire and machinery 
etc., is completely up-to-date. sie 

In addition to a list of branded names and details of 
trade associations and reference books, a bibliography 
and a trade summary for 1960 are included. together 
with an unusually comprehensive encylopedia of trade 
and technical terms and a considerable amount of useful 
trade information, including tables of wire sizes and 
weights a 
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HYDRAULIC CIRCUITS 


-t 


can be bought 
in a package! 


THE ARMSTRONG 
HYDRAULIC ACTUATOR 


enables you to install first-class hydraulic 
circuits in the easiest and most economical 
way in the world 

You can select a combination of the 
various types of Armstrong Actuator units 
to suit your individual requirements. 
Efficient assembly requires only elemen- 
tary engineering knowledge; simple in- 
structions are provided and stock em- 
bodiment items supplied. 

An Armstrong Actuator does away with 
the need for heavy or complicated link- 
ages and gives none of the troubles that 
tend to crop up with links, levers or 
cams Once installed and charged it 
will function for as long as the machine 
or structure in which it is embodied— 
smoothly and efficiently. This bold new 
conception of hydraulic control has 
behind it the vast experience gained by 
the Armstrong Patents Company 
Limited of Beverley. They alone, 
because of their unique position in the 
field of hydraulic engineering are able 
to offer Actuators of this quality at the 
price. 

Armstrong ‘“ Off-the-Shelf” Actuators 
and Pump units—manually or power 
operated—put so many possibilities “with- 
in vour reach” that early investigation 


s advised. Ask for leaflet APL 51/18.— 


ARMSTRONG PATENTS CO.LTD 


EASTGATE, BEVERLEY, YORKS 
Tel. Beverley 82212 


MAKERS OF THE WORLD 


FAMOUS ABMSTRONG 


HYDRAULIC SHOCK ABSORBERS 
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JIG BORING MACHINE 


A competitively priced high precision machine 
designed and proved for accurate toolroom 
work or production jig boring. 
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FEATURES 


Table size 

Table settings to 

Spindie Speeds (18) 

Spindie feeds (4) up and down 

Power traverse to tabie and quil! head. 

Table milling feeds }?” to 15” per min (optional) 


Ask for Catalogue 10/60. 


24° x43" 

0.00008" 

49 to 2.500 r.p.m. 
0.002" to 0.008" 

per spindie revolution. 





LATEST INDUSTRIAL LITERATURE 


VOMDEEREGUAOOUDEEUEDUULODOEDOODELOEEOEONO OOH EDU OG DOO OODOCGE ON UOU ON ORN OND ONUGUECS 
1. Automatic Tube-Expanding Units 


Providing rapid and consistent expansion of heat- 
exchanger and condenser tubes, a range of automatic 
tube-expanding units is presented in a 4-page brochure. 
The units can be used with conventional electric drills 
which, by means of relays, are made to reverse automatic- 
ally when the expanding operation is completed. In 
addition, there is also provision for stopping and reversing 
the unit at any time in case of emergency. 


2. Platinum Metals 


Recommended for applications in thermocouples, 
resistance thermometers, electrical contacts, potentio- 
meter and furnace windings, electro-plating, and high- 
temperature brazing, a range of metals, including platinum, 
iridium, osmium, palladium, rhodium, and ruthenium, 
is dealt with in a 16-page brochure. The platinum 
metals are characterised by very high resistance to 
corrosion, high strength, and constant electrical contact 
resistance, and their pronounced catalytic activity is 
maintained over a wide range of temperatures. 


3. Air-Cooled Industrial Engines 


A 4-page folder gives technical data and detailed 
specifications of a wide range of air-cooled industrial 
engines suitable for applications in _ refrigeration 
machinery, pumps, electric power sets, industrial trucks, 
drilling gear, compressors, marine engines, conveyor 
systems, etc. The engines have very short stroke, low 
piston and running speeds, and are particularly adaptable 
to operation under extreme climatic conditions. 

4. High-Capacity V-Belts 

Made of a tough prestressed rayon cord and a fibre- 
reinforced rubber compound, a range of high-capacity 
V-belts is dealt with in a 2-page leaflet. The belts are 
moulded in precision-cut steel dies and vulcanized under 
pressure to achieve accurate dimensions. In addition, 
the “true” V-section of the belts ensures that pressure- 
contact between belt and groove face is constant and 
undue wear is avoided. 


5. Post-Weld Heat-Treatment Process 


Developed for improving the quality of welded 
pipework or of general engineering maintenance and 
repair welds, a special post-weld heat-treatment process 
is described in an 8-page brochure. The method utilizes 
an exothermic material supplied in moulded sections, 
which are strapped in position round the areas to be 
treated, covered with insulation, and then ignited by 
means of a torch. The exothermic reaction heats the 
welds to annealing temperature, the heat-treatment being 
followed by slow cooling in air. 





MAIL THIS COUPON TO-DAY 


THE ENGINEERS’ DIGEST, 4.61 
120 Wigmore Street, London, W.1. 





Date 
Please send free and without obligation the literature indicated by 


the following circled num 

12345 67 8 9 10 If 12 13 14 15 16 17 18 19 
Name 

Position 


Company 


Address 


20 


6. Socket Screws 


Details are contained in an illustrated 8-page brochure 
of a range of socket screw products, such as socket, cap, 
and set screws; flat- and button-head socket screws; 
socket shoulder screws, etc. The screws are made of 
special alloy steel by precision forging methods, and are 
heat treated to confer superior mechanical properties. 


7. Strainers and Filters 


The range of applications of plate-type, self-cleaning, 
and special strainers and filters presented in a 40-page 
catalogue includes machine tools, rolling mills, nuclear 
and marine engineeriag, mining, plastics, glass, and 
ceramics industries, diesel engines, compressors, etc. 
Particulars are also given 3 flush-flow filters for water 
and soluble oils, and of range of micronic filters 
supplied in single- and Be ol designs for a 
variety of industrial duties. 
8. Automatic Welding Equipment 

Comprising seven basic units, i.e., feeder, nozzle 
assembly, arc-voltage control cabinet, CO, control 
cabinet, gas manifold, electrode spool and spindle, and 
motor generator and welding set, a universal automatic 
welding equipment is introduced in a 12-page brochure. 
The units make it possible to build up a complete auto- 
matic welding plant and to adapt it to specialized 
processes, such as submerged arc-welding. The basic 
head is supplied ready for use in various forms, and 
numerous accessories, including frames, slides, rocker 
assemblies, fume extractors, etc., are available as extras. 
9. Diaphragm Compressors 

A wide range of diaphragm compressors is dealt with 
in a 14-page folder. The compressors, which are 
designed with working pressures of up to 60 psi and 
capacities of from 0-85 to 6-5 cfm, have absolutely oil- 
free output and are also suitable for close-circuit operation 
or can be adapted for vacuum duties. 
10. Combined Ball Screws and Splines 

A 6-page folder contains details of a range of com- 
bined re-circulating ball screws and splines consisting of a 
single shaft, which has at one end a ball spline and at the 
other end a recirculating plain or pre-loaded ball screw. 
The combination of these elements achieves high 
efficiency in converting rotary input into linear ouput or 
vice versa. Three additional leaflets deal with the basic 
units of the combined assembly, i.e., with ball screws, 
pre-loaded ball screws, and ball splines, respectively. 
11. Molybdenum Disulphide Lubricants 

A folder contains a variety of leaflets and pamphlets 
on the manifold uses of molybdenum disulphide lubri- 
cants and additives suitable for boundary lubrication or 
for applications where high temperature and pressure 
or close tolerances make the use of conventional lubri- 
cants troublesome. The lubricants are claimed to 
increase the effective life of machinery and are also 
suitable for use as cutting oils, greases, etc. 


LITERATURE REVIEWED RECENTLY 
12. Silicone Fluids 
13. Welding Machines 
14. Acrylic Stoving Finish 
15. Steel Shelving and Works Equipment 
16. Air-Control Valves 
17. Hydraulic Equipment 
18. Nickel Alloys 
19. Centre Lathes 
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PROPELLER FANS? —AIROTORS? BOFFINS? 
YES, SIR! YES, SIR! YES, SIR! 


BIGGEST RANGE BIGGEST RANGE BIGGEST BRAINS 
IN THE COUNTRY IN THE COUNTRY IN THE COUNTRY 


The world-famous TORRINGTON air-impellers 
are now made and sold by SMITHS. 

SMITHS offer the widest range of airotors and 
propeller fans in this country, and can assemble 
and deliver promptly from a wide range of tooled 
stock components. SMITHS Technical Advisory 


Service puts at your disposal the unrivalled know- TOR Ri i | GTO N 


ledge and experience of both great organisations. AIR IMPELLERS 


PROPELLER FANS f o \. AIROTORS 


From 3° to 24” diameter, j From 1}” to 11” diameter, 
either rotation, ina ‘ available in steel or 
variety of pitches. Light, aluminium. In widths 
rigid, quiet, efficient. \ from §” to 11”. 


Write to SMITHS for illustrated literature and technical information. SMITHS engineers 
will be particularly interested in helping to develop new air-moving applications. 


S. SMITH & SONS (ENGLAND) LIMITED, AIR IMPELLER DEPARTMENT, WITNEY, OXON. TELEPHONE: WITNEY 678 
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lwo exaryues frome 


We specialize in the production of sand, 

die and precision castings in Aluminium, 

Magnesium and Bronzealloys; also, forgings 
and centrifugally- 
cast blanks and 
rings in copper 
base materials. 


Pump impeller, sand cast in aes aon be -” 
Superston bronze. | 


Pump casing, also in 
Superston, for use in the 
oil industry. 


J. STONE & CO. (CHARLTON) LTD. 


WOOLWICH ROAD, LONDON S.E.7. Tel. GREENWICH 3277 Mr. K. S. WELLS, Ext. 116. 








eccora FFZ 


ELECTROFEEDER 


Latest in a long line of 
thoroughbred Weir Feed Pumps, 
the EF2 is a robust, efficient 
electrofeeder of multi-stage design. 


it will handle from 1,000 g.p.h. at 

330 p.s.i.g. discharge pressure up to 
2,500 g.p.h. at 280 p.s.i.g. with standard 
50 cycle supply. 

It is suitable for suction temperatures 
up to 200°F. 


We invite you to visit our 
It is also suitable for marine installations, Stand No. 2, Row F, Grand 


for outputs and pressures up to 3,000 g.p.h. and Hall at the Engineering, 
280 p.s.i.g., operating on a 60 cycle supply. Marine, Welding Exhibition, 
20th April —4th May. 


BU Zelha G. & J. WEIR LTD. Cathcart, Glasgow S.4. 
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Prior to the introduction of the 
“RED RING’’ Gear Tooth Honing 
Process in 1956 the only feasible 
means of correcting noise-producing 
nicks and burrs in gear teeth, re- 
quired costly hand operations. Each 
affected gear had to be discovered and 
processed individually. Today gear 
tooth honing does the job on a fast 
mass-production basis at a small 
fraction of the former cost. 


HONING PRINCIPLE 


The honing tool, in the form of a gear, is composed of 
an abrasive impregnated material. This tool is 
meshed with the work gear in a crossed axis relation- 
ship. The tool is then operated in both directions of 
rotation while the work gear is reciprocated across 
its face in a path parallel with the gear’s axis. Thus, 
all working surfaces of the gear teeth are subjected to 
honing action in accordance with true honing proce- 
dure. 


GEAR HONING ~ 


\ 


> 


NEW RED RING MACHINE MODEL GHD 


Several years of continuous gear honing experience under 
widely varying conditions have brought the honing process 
as a whole into clearer perspective. Among other things, it 
has emphasised the importance of selective pressure control 
between work and tool. Asa result of these findings, anew 
and considerably more versatile ‘‘RED RING"’ Gear Honing 
Machine (Model GHD) has now become available. in 
addition to increased versatility, it is smaller, more compact 
than its predecessor and is lower in cost. 





ORIGINATORS OF ROTARY SHAVING, 


es 


PRECISION GEAR MA 


RED RING WORKS, BODMIN 


ARH 


SPUR AND HELICAL GEAR "sar 


en & TOOLS LIMITED 


qd . 


ROAD, COVENTRY 


Telephone : Walsgrave-on-Sowe 2372 Telegrams: Pregearmac, Coventry 
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The E.13 ELIPTEX 
Extra Heavy Duty 
Feeder, shown here, 
handles 450 T.P.H. 
of R.O.M. coal 
below a _ double 
tippler and _ dis- 
charges at right- 
angles on to a 42” 
conveyor belt, re- 
ducing degradation 
to a minimum. It 
measures 6° wide 
by 37’ long. 





FEEDERS 





ELIPTEX Vibrating Feeders are distin- 

guished by: e The exclusive Hewitt-Robins Shown above: a typical ELIPTEX 
twin eccentric shaft vibrators e Heavy- Grizzly Feeder with manganese steel 
duty construction e Simplicity of design liner plate and manganese grizzly bar 
e Low cost maintenance e Reliability caps, tapered in their length and depth 
under the most exacting conditions. to give a non-plugging section. 


STONE-WALLWORK LTD. 


(VIBRATING EQUIPMENT DIVISION) 
32 Victoria Street, London, S.W.1. Tel: ABBey 7681 : “‘Stonwalabb,”’ Sowest London 
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Vertical 
or horizontal, 
streamlined 

or 
functional 


This new Holroyd 24” centres motorised 
worm gear speed reducer has been 
designed to meet the need for a self- 
contained drive suitable for continuous 
use, and one which will look right in any 
surroundings. No matter what the appli- 
cation, it is possible to select from its 
variety of assemblies and mounting 
positions, an arrangement which makes 
it appear an integral part of the sur- 
rounding machinery, and not an added 
afterthought. 

The Verso has all the famous features 
of Holroyd reliability and high efficiency. 
Centrifugally cast Holfos wormwheel; 
casehardened and profile ground alloy 
steel worm; ball bearings throughout; 
rigid cast iron casing and oil bath 
lubrication requiring no attention over 
long periods. Output speeds are from 
14 to 300 rpm. Output torques up to 
750 ib. ins. Standard motors from ¢ up 
to 2 hp. Please write for catalogue V. 60 
which gives further technical information 
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The Gananoque Electric Light 
and Power Company, Limited, 
Ontario, have commissioned a 
new Power Station to meet the 
increasing demands of the 
Township. The Generating 
Plant of the Station which is 
shown above consists of two- 
Mirrlees KSP 8 Dual Fuel 
Engines direct coupled to Brush 
Alternators each having a con- 
tinuous rating of 1360 kW 450 
r.p.m. The Mirrlees KSP and 
KVSP Dual Fuel Range com- 
prises 3, 5, 6, 7 and 8 cylinder 
engines in line and 12 and 16 


turbo-charged 
dual fuei 


engined 
installation 
operating on 
natural gas in 
EASTERN CANADA 


cylinder engines in vee form 
developing powers up to 3850 
b.h.p. continuously at 450 r.p.m 


Our Overseas Associated Com- 
pany in this territory is Orenda 
Industrial Limited, Rexdale, 
Canada. 


MIRRLEES, BICKERTON & DAY LIMITED 
HAZEL GROVE *  §STOCKPORT CHESHIRE 


Tel: Stepping Hill 1000 (15 lines) Grams: Mirrlees, Telex, Manchester 
229 
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. from the simplest washer to the most complicated gasket, all 
made from Meadowfelt—an adaptable, economical and efficient 
material available to today's engineers and designers 


MEADOWFELT SERVES INDUSTRY 


Meadowfelt has proved to be the idea! material for oil retaining 
and sealing, air and liquid filtering, glass and metal polishing, 
acoustical insulation, anti-vibration, lubrication and many other 
purposes. Meadowfelt can be made exactly to specification, in 
any density, thickness and resilience; it can be permanently 
proofed against moth, mildew, flame and water and used in 
combination with glass, metal, wood and plastics. 


Long Meadow Technical Staff has solved many a problem and 
is at your service—why not make an appointment now for a 
representative to call? 








THE PRESSED FELT THAT DOES SO MANY JOBS SO WELL 
LONG MEADOW FELT COMPANY LIMITED - KIDDERMINSTER - A.I.D., A.R.B. and |.A. approved. Telephone 4071-2 
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CAPSTAN AND AUTOMATIC WORK 


to be sure ! 


GRIFFITHS, GILBART, LLOYD & CO. LTD. 
EMPIRE WORKS, PARK ROAD, BIRMINGHAM. 





HARD 


reNaveleit-yiite, 


of 
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This simple test on an aluminium piston treated with 
Alumilite HARD Anodising demonstrates the exceptional 
resistance to abrasion achieved by this unique process. 

Alumilite HARD Anodising opens up new fields for the 
use of aluminium where previously harder metals only could 
be used. For moving parts such as bearings, pistons, cams, 
bobbins, generator brush boxes, sliding door runners, arti- 
ficial knee-joints, etc., this process has proved entirely 
satisfactory. 

There may be many unsuspected applications where 
Alumilite HARD Anodising can save you machinery and 
material costs. Send us details of your production and we 
will gladly advise you. 


Technical Data Sheets available on request. 





ALUMILITE & ALZAK 


LIMITED 
PRIORY WORKS, DEPT. N, STATION RD., LONDON, S.W.19 
Telephone: LiBerty 7641 
MIDLANDS: 20/21 MERIDEN STREET, BIRMINGHAM, 5 
Telephone: MIDLAND 7426 
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COMMERCE WAY 


APRIL, 1961 


Full technical 


data on request 


The Comet at 600 amps. provides the 
highest productivity of any CO, semi- 
automatic on the market, a low hydrogen 
deposit and no porosity, even on heavily rust- 
ed plate. The very high currents are made 
possible by the special flux-intercalated-wire 


Wlustrating Wire Cross-section 


which provides an even distribution of 
flux over the cross-section of the wire, 
which in turn gives droplet protection 
during transfer across the arc. The Comet 
Mark II can utilise existing AC/DC power 
packs. 


ROCKWELD» 


CROYDON 
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SURREY 


Telephone: 





CROYDON 










FOR TUNGSTEN | 
ARGON ARC 
WELDING EQUIPMENT 


Saturn branches are located in Glasgow, 
Aldridge, Manchester, Sheffield, Lymington, 
Sunderland, Thornaby-on-Tees and South- 
all. Each branch stocks the Saturn Seirion 
D.C. Tungsten Argon Arc Welding Unit, 
which has been developed specifically for the 
welding of stainless steel, nickel chromium 
alloys, copper and copper alloys. Used in 
conjunction with a D.C. welding power 
source, the ‘Seirion’ is automatic in opera- 
tion, and requires no ancillary equipment 
such as foot switches and economisers. It is 
also ideal for site work, due to the ability to 
operate without an A.C. supply. Radio inter- 
terence is negligible. Compact and portable, 
the ‘Seirion’ measures 134” x 104” x 84” and 
weighs 25 Ib. 





INDUSTRIAL GASES LTD 


‘Eri Wood’, Windlesham, Surrey 
Telephone: Bagshot 2441 
7 * ' 





High Speed 

Hot Work 

Alloy Cold Work 
Shock Resisting 
Carbon (Tool) 
Plastic Die 


POST THIS CouPON NOW To 


ENGLISH STEEL 
ROLLING MILLS CORPORATION LIMITED 
Openshaw - Manchester 
Telephone: Manchester East 1371 
A wholly owned subsidiary of English Steel Corporation Ltd. 
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This catalogue, contain- 
ing detailed technical 
information of immense 
value to all users of Tool 
Steels, is obtainable on 
request. 


Please forward a copy of 
your Tool Steel Catalogue 


Se SE Sd 
Position __ 
Company. 
Address ... 


























Well known in the Automotive and Railway 
Industries, Hardy Spicer are now 

supplying propeller shafts and universal joints 
in increasing quantities for other 


engineering applications. Typical of these are 


the universal joints incorporated 

in the drive shafts used on the Babcock & Wilcox 
Feeder Stokers at Staythorpe Power Station— 
Newark, Notts. Hardy Spicer’s wide 


experience ensures the highest standards of 8 
Photographs by courtesy of 


design and performance. Please write for Central Electricity Generating Board 


? East Midlands Division 
further details and illustrated leaflets. 


Product of the 


HARDY SPICER 


Birtieid Group 


PROPELLER SHAFTS 


HARDY SPICER LIMITED 


CHESTER ROAD « ERDINGTON ° BIRMINGHAM 24 - ERDINGTON 2191 (18 LINES) Telex. 33414 
ENGINEERING DIVISION OF BIRFIELD LIMITED 
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achieve 


complete electrical © 
integration of 
machine drives 
and controls 


velvet-smooth 
‘starting, stopping 
positioning and 
tensioning 


INSTALL 
THESE 
complex ° COMPACT 
equipment -. SPACE-SAVING 


operator machine wanes 
fatigue design 





WARNER 


ElectricBrakes and Glutches 
MORE CONTROL — MORE PRODUCTION 


Warner Electric Brakes and Clutches completely integrate power transmission with 
electrical or electronic machine control circuits. Electric Brake units eliminate 
coasting, save non-productive machine time; electric clutches operate rapidly in any 
position and give smooth engagement. Warner electric units are easily installed— 
on new or old-type machines. Their superior performance is directly responsible for 
greater production in many varied industries—very probably in yours! 


Write for illustrated Warner brochure 
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clutch maintenance 
and reduce servicing 
of actuated 
devices 


This Asquith Ram Type Hori- 

zontal Milling & Boring 

Machine, with 6” dia. spindle, 

incorporates Warner Clutches 

for speed change of the feed 
drive. 


Reproduced by courtesy of 
William Asquith Ltd., 
Halifax. 


Other well-known users of 
Warner Electric Brake & Clutches 
include: 


BROOKE TOOL AUTOMATION LTD. 
B.S.A. TOOLS LTD 
CHURCHILL-REDMAN LTD 
CHURCHILL GEAR MACHINES LTD 
S10 CRAVEN BROTHERS (MANCHESTER LTD 
wW @) L DAVID BROWN INDUSTRIES LTD 
LIMITED (Machine Tool Division) 
ELLIOTT BROTHERS (LONDON) LTD 
GEORGE RICHARDS & CO. LTD 
ST. HELEN’S AUGKLAND HARDINGE MACHINE TOOLS CO. LTD 
ALFRED HERBERT LTD 
co. DURHAM HUMPHRIS & SONS LTD 
Telephone: West Auckland 551 (6 lines) 6. O. MORRIS LTD (‘ MORRISRLEX’) 
Telegrams: Solenoid, West Auckland A. B. MOULD CONSTRUCTION CO. LTD 
LONDON: PLATT BROS (SALES) LTD 
2 Ashley Place, Carlisle Place, London, S.W.1 TWEEDALES & SMALLEY LTD 
Telephone: ViCtoria 7301/2 VICTORY KIDDER PRINTING 
Seas eae: MACHINE CO. LTD 


Silhill Hse., 2241 Coventry Rd., Sheldon, Birmingham 26 
Telephone: SHEldon 5121/2 WINGET LTD 
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ON TOP OF THE JOB! 





That’s where you'll find Crofts ‘Ritespeed’ geared 
motors and reduction gears; like these three hori- 
zontally mounted flanged units on a dual-purpose 
bevelling machine. With all their advantages how 
could ‘Ritespeeds’ be anywhere else? Compact in 
design, obtainable for mounting in any position, 
available from fractional to 80h.p., with ratios up to 
82:1, it’s no wonder ‘Ritespeed’ are on top. 

Send to-day for Publication 5737A/J, which gives 
more details; and, while you’re about it, ask for 
information on the other ‘Ritespeed’ units shown 
here, too. 


Op 





CROFTS (ENGINEERS) LIMITED 


POWER TRANSMISSION ENGINEERS 
THORNBURY BRADFORD 3 YORKSHIRE Telephone: 65251 (20 lines) Telegrams: ‘ Crofters Bradford Telex’. Telex: 51186 WORLD-WIDE REPRESENTATION 
Branch offices: London, Belfast, Birmingham, Bristol, Cardiff, Dublin, Ipswich, Glasgow, Leeds, Liverpool, Manchester, Newcastle, Northampton, Nottingham, 
Sheffield, Stoke-on-Trent 
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Single-phasing | 
‘e) ge) <-Yeut lola 
at a new /ow price 


DOC sO 


MOTOR STARTER 


NEW from AEIl 


A 5 H.P. DIRECT-ON-LINE CONTACTOR STARTER which not 
only possesses unique advanced design features, but is 
also the cheapest on the market with single-phasing 
protection. Interchangeable heaters can be fitted to the 
DOC 80 in a moment to meet any of 15 different current 
ratings. This useful feature will greatly simplify stocking 
problems in many sections of industry. 


DOC 80 FEATURES INCLUDE 


Easy installation. Easy contact 
inspection. Easy-to-operate 
push-buttons. Modern and 
. , Pleasing design. Provision for 
ddiianhcinaininy quatthiten | remote control and separate 
PoE A ee coil supply. Single-phasing 
protection and ambient tem- 
perature compensation give 
optimum motor protection. 
Overload heaters supplied in LIST PRICE £5 ss 5S z (@) 
separate packs for ratings up 
to 5 horse-power. 
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FORD DIFFERENTIAL GEAR 
MAGHINED IN 24 SECONDS 


WITH AUTOMATIC LOADING 








The photograph shows the automatic loader 
fitted to a No. 6 Ryder Verticalauto supplied 
to The Ford Motor Company Limited. It is 
used in the production of differential gears, 
which are finish-bored, turned and faced at 
the rate of one component in 24 seconds. The 
magazine carries enough components for a 
forty minute run. 

Automatic loading can be fitted to all sizes 
of Ryder Verticalautos. 


VERTICALAUTO 


Thos. Ryder & Son, Limited, Turner Bridge Works, 
Bolton, England. 

Makers also of single spindle Rydermatics and Piston 
Ring Lathes. 
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Our range of industrial engines are a practical 
proposition for many types of industrial equipment 
... Compressors, cranes, pumps, contracting equipment, 
earth borers, generators, railcars, welding plant, works 
trucks, tractors and conversions. Simple design, 
modern flow-line production methods and common 
interchangeable parts contribute to the low cost of 
these high efficiency engines. And remember, every 
engine is fully backed by a World-wide Parts and 


Service Organisation. Take your choice from a wide 
power range... Diesel 20 to 86 b.h.p. and Petrol 11 
to 87 b.h.p. (12-hr. rating). 


DIESEL ECONOmMY—have you considered the replace- 
ment of existing power units in your equipment and 
trucks with the famous 4D Diesel engine? You'll have 
the unique advantages of economy, long-life and low 
running costs .. . plus the best service in the World! 


lb San BA a 


Wherever you are, whatever your problem, 


= lolais) 


MOTOR COMPANY LIMITED - ENGLAND 
are at your service 


For further details of our 


INDUSTRIAL 
ENGINES 


and the equipment they power, 
send the coupon to your nearest Ford Dealer 
or direct to 





Please send me technical brochures of your *PpeTROL/ 
DIESEL Industrial Engines. The maximum B.H.P. required 
iccssineshactiiecel OTE! R.P.M. Also, please send details 
of the following equipment powered by your engines. 


G51'24°4 


* Delete where not applicable 











FORD MOTOR COMPANY LTD - PARTS DIVISION (G51) - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 
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Plan with WHARTON... 


By giving consideration in the planning stage to the lifting require- 
ments and handling problems the plant engineer or architect can 
eliminate the hazards of last minute decisions. 

The Wharton engineer is available at all times to collaborate with 
those concerned in the development of new projects. 

The range of Wharton products extends from hand pulley blocks of 
half ton capacity, electric chain blocks, electric hoists and overhead 


: : This Catalogue describing Cranes 
hand operated cranes to overhead electric cranes of up to a maximum end Molste may be of helo—tf co 
capacity of 200 tons. write for it today. 


THE WHARTON CRANE & HOIST CO. LTD. 
REDDISH - STOCKPORT - ENGLAND 


Phone : Heaton Moor 2227. Grams: * Gallant, Manchester.” Code : Western Union. 
LONDON Linc: 296302 High Holborn W.C.1 Phone: Chancery 7911. Grams: Chancery 7911 
SCOTLAND = NORTHERN COUNTIES: Gordon Baxter & Co. Ltd. 25 Biythswood Square Glasgow C2. Central 6917/8, Grams Gorbaxco, Glasgow 
MIDLANDS Holland & Son, 89 Cornwall Street, Birmingham 3 Central 1457 Grams: Central 1457, Birmingham 
SOUTH- west H C. Collins, 48 Westbourne Road. Penarth, Glamorgan Penarth $8527 Grams: Penarth $8527 
pea gah IRELAND. General eee ies Led.. 7/9 Great Patrick Street, Belfast Belfast 23743 Grams: Belfast 23743 
REPUBLIC of IRELAND: Charies Nolan & 2 Parker Hill, Lower Rathmines Road. Dublin Dublin 93510. Grams Oublin 93510 
CANADA Equipment Co. inc., am Box 28, 61 O'Connell Avenue, Dorval Station, P.Q. Phone Melrose 1-3528 Grams. Marquipco, Montreal 
Russell Led. igh vee venue ——— ~ — Grees: Rustie 
Mumford. Mediand Ltd fall Street, Winns Phone 37-180, 37-187-168-189. Grams Mandem 
SOUTH AFRICA: Kenneth Ray Led., P.O. Box $662. 14 Ameena Sen on Braamfontein. Johannesburg Phone. 44-2168. : Grams. Gemray 


REPRESENTED IN PRINCIPAL COUNTRIES THROUGHOUT THE WORLD 
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Variable 
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ALLSPEEDS LIMITED 
Kuys! Work. Clayton-le- Moors, P.0. Box 43, Accrington, Lancashire - Telephone Accrington 35441 (6 fines) 
Teuhov st fopres:ntatives in LONDON BIRMINGHAM - MANCHESTER - LEEDS - BRISTOL - GLASGOW 
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BACKED BY 
MORE RESEARCH 
THAN ANY 
OTHER SCREW 


Unbrako are making screws now to take strains which 
are still drawing board calculations. That is what 
Unbrako’s genuine five-year lead means to industry. 
Designers can plan ahead in the confidence that the 
fasteners they will need already exist. 

Unbrako screws are made by men with a wealth of 
experience, applying the skills of today to the needs 


of tomorrow, backed by intensive research and the 


most advanced production techniques. 


Fastenings are no problem nowadays. Unbrako indivi- 
dual product leaflets, gladly sent free on request, will 
meet most of your needs. For special projects, the 


Unbrako man will be happy to call. 


UN BRAK O 


UNBRAKO SOCKET SCREW COMPANY LIMITED, COVENTRY. 


UNBRAKO SCHRAUBEN Gm. b. H. 


UNBRAKO STEEL CO. 


KOBLENZ 


LTD. SHEFFIELD, ENGLAND 
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TELE: 89471 
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E.N.V., who pioneered the spiral bevel and hypoid 
gears in Britain, have specialised in the manufacture 
of right angle drives for over 40 years. See a range 
of their products for air, sea and land transport and 
for industrial applications at the 


MARINE & ENGINEERING EXHIBITION 
Stand 15 Row D - GRAND HALL, OLYMPIA - April 20-May 4 


BrIv for gears 


E.N.V. Engineering Company Limited, Hythe Road, Willesden, London, N.W.10. Telephone: LADbroke 3622 
AP 133 
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Cane 
elt 

Ope? 

for C a Me : 

16 Spindle Speeds (utp! 

16 Table Feeds 

16 Milling Head Feeds 

Automatic Spindle Setting 


for Multiple Speeds 


Optical Measuring 
Equipment 


Pendant Controls 


Cross-slide : Lock or Unlock 0 
Cross-slide: Raise or Lower 
Spindle: Lock or Uniock © 

Spindle Traverse: Down or Up 4] 
Milling Heads Traverse : 5] 


Select Direction and whether 
Rapid Feed or Inch 


Mitling Head: Unciamp & Start 6] 
or Stop & Clamp 


Selector for Table Traverse: @ 
Select direction and whether 
Rapid, Feed or Inch 


Selector for Table Feed : 
Adjustable even during cutting 


Selector for Milling Head Feeds © 
Adjustable even during cutting 


eq SAN DY.U A Fr) 1 \ W/o 


> 
o\ 

2 
=/ 


ere): Bue)  aeage 


MANCHESTER 18 Phone. EAST 3282 ales 


K256A 
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these men are on their way 


to solving their barrier problems with 


Weldmesh 


Regd. Trade Mark 


they cut it to the shape they wanted — 
it held together because it was welded together 


Weldmesh is a registered trade mark and is supplied in rolls or sheets direct to the users by the sole manufacturers: 


THE B.R.C. ENGINEERING COMPANY, STAFFORD 
London, Birmingham, Bristol, Chelmsford, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 


Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W.! 
Mw .1007 
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CROWTHORN ENGINEERING COMPANY LIMITE 
Makers of High Class Machine Tools for over half a century 
REDDISH . STOCKPORT ENGLAND 
Phone: STOCKPORT 7271-2-3 Grams: CROWTOOL, REDDISH 


CL.S9 
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DORMER 


THE SHEFFIELD TWIST DRILL AND STEEL COMPANY LIMITED 
SHEFFIELD ENGLAND 


DORMER TOOLS ARE OBTAINABLE FROM: YOUR USUAL ENGINEERS’ MERCHANTS 








Specialists 

in welding 
... alloy steels 
3a | Flavematelsmniciaaelels 
7) metals 











JENKINS 


of Rotherham 
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LOW ALLOY 
STAINLESS 

HEAT RESISTING 
MANGANESE 

AND WEAR RESISTING. 


Stecls 


See OF FF 3 8 
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3,000 p.s.i.g. turbo-alternator 
for the Steel Company of Wales 
Margam ‘B’ power station. 


The highest pressure turbo-alternator built in Britain has been 
generating power at Margam since May 1960. The turbine is 
designed to take steam at 3,000 p.s.i.g. at 1,050°F, and to exhaust 
at 625 p.s.i.g. The turbine speed of 9,500 r.p.m. is geared down to 
3,000 r.p.m. at the alternator, which generates 9.25 MW at 
11,500 volts, with a power factor of 0.7 lagging. The set was built 
to Brown-Boveri designs in our Hartlepool works, where we 
manufacture turbines and alternators for public and industrial 
trici iti P st ite We are erhibiting on Stand 7, Row G, Ground 
electricity supply. = onmsion, we manufacture most items of Fe oe pentine on Mond t. Bow @, Crsund 
power station plant, including water tube and Economic boilers, Nuclear Energy Exhibition, Olympia, April 20th 
é : to May 4th, 1961. 
condensers, feed heaters, and ‘Deptford’ rotary water strainers. 


RICHARDSONS WESTGARTH (HARTLEPOOL) LTD. 


A member of the RICHARDSONS WESTGARTH GROUP 
HARTLEPOOL, CO. DURHAM, and at 58 VICTORIA STREET, LONDON, 8.W.1. 
59 MOSLEY STREET MANCHESTER, 75 BUCHANAN STREET, GLASGOW. 
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THE RIGHT APPROACH 


WITH OSBORN ENGINEERS’ CUTTING TOOLS 


When drilling, reaming, turning, shaping and 
milling—or for any cutting operation ‘Mushet’ 
brands engineers’ tools are unsurpassed. Faster 
speeds and feeds and longer life. 


Please send for illustrated brochures. 


SAMUEL OSBORN & CO. LIMITED 
SECEE SCIESE BECss.- CHASED 
STEELMAKERS - STEELFOUNDERS - ENGINEERS TOOLMAKERS 
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| MERCER } 





DIAL 
INDICATOR 


Designed and made to the most MODEL 303. 
Reading to 0°:0001” 


rigid specifications, this range of with travel 0°008". 
indicator represents a major stride MODEL 301. 

, Reading to 0°0005” 
in British Dial Gauge manufacture. fh with travel 0°040". 


Numerous mountings available. 


ONE HUNDRED YEARS OF FINE MEASUREMENT 


THOMAS MERCER LIMITED 


wap 3920 of St. Albans, Hertfordshire. TELEPHONE ST.ALBANS 55313 


Scottish office: J. F. Tennent Ltd., 52 St. Enoch Square, Glasgow, C.1. 
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gent target the heats WD 


“The ‘C’ Type Birfield-Hilco oil filter,”’ 
answers Les Brown, “‘is designed for high flow 
rate filtration for virtually all forms of oils, 
whether for small stationary diesel engines 


or for giant rolling mills. 


On the question of heaters for filtration, 
Dave Davies advises: ‘‘Filters without heaters 
(Models FC and HFC) are ideal for solvents, 
fuel oils or lube oil which can be delivered to 
the filter at viscosities up to 300 Redwood 
No. 1 or a minimum temperature of 120°F. 
With heavy oil below 120°F. it is wise to use 
filters with heaters, particularly where the 
oil viscosity is above 250 Redwood No. 1.”’ 


BIRFIELD-HILCO 


OIL FILTRATION AND RECLAMATION EQUIPMENT 


MEMBER OF THE 


SIRFIELO GROUP 
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Volume 22, No. 4 


Manufactured by 


INTERMIT LIMITED 


**The Hilliard Corporation’’ licensees 
BRADFORD STREET - BIRMINGHAM 5 


Les Brown and Dave Davies 
head the only British oil filtra- 
tion advisory service of its 
kind—contact them personally 

. ring MiDiand 7961 
today! 


‘C’ SERIES FILTERS 
‘R’ SERIES FILTERS 
DUPLEX FILTERS 


000 SERIES FILTERS 
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THE FIRTH-DERIHON STAMPINGS LIMITED 
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Theres an ait in 
CASTIN G 


The skill needed to send a fly skimming 
through the air and land just in the right 
place is only acquired with experience and 
practice. e art of making good 

castings is equally a matter of skill 

and precision. We are specialists 

in the manufacture of manganese 

and aluminium bronze castings. 


’ 


We manufacture and stock large 
quantities of Chill Cast Solid and 
Cored Bars, supplied in 2ft. 
lengths or cut to customers’ re- 
quirements—no order too small 
to merit our attention. 
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INGERSOLL-RAND COMPANY LTD 








Illustrated above is the H.B. 3/12 Richmond Radial 
Drilling machine selected by Ingersoll-Rand Company 
Limited, Compressed Air Engineers, from the extensive 
range of “RICHMOND” Milling and Drilling machines. 
Built from the finest materials and incorporating first-class 
workmanship, all “RICHMOND” machine tools are simple 
to set up, easy to adjust and combine high productivity with 
exceptional accuracy. 

Stocked by leading machine tool merchants throughout the 

country, “RICHMOND” range the world over ! 


Please send for fully comprehensive—Richmond Milling and Drilling machinery 
literature to:- 


HILLIDGE WORKS - HUNSLET-: LEEDS: 10 


Telephone: 76932/3 Telegrams: ‘Tools’, Leeds, England 
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FOUR helpful publications 


Constant research has ensured that Walpamur Industrial Finishes 
meet every requirement of modern industry, and these four free publications 
will help you to make the best possible use of this extensive range. 


CATALOGUE OF INDUSTRIAL FINISHES describes the pre-treatment of 
metal surfaces before painting and gives details of primers, fillers and stoppers, 
stoving finishes,enamels, nitro cellulose finishes etc. 


EPOXY RESIN PAINTS booklet details the complete range of FEROX 
epoxide resin based paints, including stoving, air drying, and cold cure finishes for 
many industrial requirements. 


SILICONE LEAFLET gives information about the use of silicone in heat resisting 
and water repellent paints, bonding varnishes, etc. 


INDUSTRIAL SHADE CARD shows the complete range of colours available for 
all types of finishes. 


All are obtainable free on request to: 


THE WALPAMUR COMPANY LIMITED | {5p 
DARWEN AND LONDON on 


Paints, enamels, varnishes and finishes for every industrial need 
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TET: 


You are invited to make use of this service 
to help you in your day-to-day casting 
problems. Meehanite Specification Book 


Meehanite Casting Design 
10 Basic Rules 


Designing Meehanite Castings to 
Cut Costs 


Meehanite Casting Properties 
Meehanite Metal Selection Chart 
Meehanite for Gears 

Meehanite for Machine Tools 
Meehanite for Dies 


Meehanite in the Service of 
Industry 


The International Meehanite Metal Co. Ltd. Wie shell be happy to send @ fant 
copy on request of any of these 


Meerion House, 4 Downside, Epsom, Surrey subjects of interest to you 
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“ Obviously the welder himself. But he must have 
electrodes worthy of his skill. AEI meets this need for 
speed more certainly than ever before with its new 
GAZELLE Electrode. These mild-steel electrodes are 
expressly made with the welder in mind. Their ease and 
speed of use and good de-slagging properties should 
revolutionize mild steel fabrication and welding work. 


For further information, return this coupon 
to the address below 





Please send me further details of AEl GAZELLE 
Note these Gazelle Advantages ELECTRODES, including addresses of AE! District 
Nor iron-powder contact type electrode giving Offices from which sample packs are now available: 
maximum ease of use at lower cost - Unequalled 
de-slagging properties - Excellent weld appearance 
Minimum cleaning costs - Easy arc striking charact- 
eristics - Wide current range for each size of elect- 
rode - High travel speeds - Longer run lengths per 
electrode than with any other Class 2 electrode 


NAME — 





POSITION ———______ 


COMPANY 





ADORESS — 


Associated Electrical Industries Ltd 


HEATING AND WELDING DEPARTMENT TRANSFORMER DIVISION 


TRAFFORD PARK, MANCHESTER, 17 


LIP 086 
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whichever way you look at it... 


Away with fitting keys and cutting keyways—this 
laborious method need trouble you no more. With 
Taper-Lock Bushes you can fit—in less than a minute 


—pulleys, couplings, sprockets, and get a vice-like grip 





on all shafts within 5 thous. of the nominal diameter. 


Taper ” Lock All Taper-Lock Bushes are interchangeable, and a bore 


range from }” to 44” means that wheels can be moved to 


Bushes shafts of other diameters simply by changing the bush. 


This is a time and cost saving device you just cannot 

afford to neglect. Ask your nearest Fenner branch to 
Save You demonstrate and prove this to you—in your own office: 
money J. H. FENNER & CO. LTD 


LARGEST MAKERS OF V-BELT DRIVES IN THE COMMONWEALTH 


WE CARRY TAPER-LOCK STOCKS FOR YOU IN 
BELFAST - BIRMINGHAM - BRADFORD - BRISTOL 
BURNLEY - CARDIFF - GLASGOW - HULL - LEEDS 
LEICESTER - LIVERPOOL - LONDON - LUTON 
MANCHESTER - MIDDLESBROUGH - NEWCASTLE 
NOTTINGHAM - SHEFFIELD - STOKE 


FACTORIES OVERSEAS IN AUSTRALIA, INDIA AND 
SOUTH AFRICA. 








PULLEYS - COUPLINGS - SPROCKETS - WELD-ON HUBS—ALL WITH THE BENEFITS OF TAPER-LOCK 
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IDALE 


30” PRODUCTION MILLING MACHINES 


Great rigidity from box section table mounted directly on bed, 
with vertical arbor movement by elevating spindle column sliding 
in vee way at rear of machine, and transverse cutter adjustment 
by axial movement of arbor. Independent table motions from 
separate motors give fast traverse and feed for climb milling in 
both directions, also pendulum milling. Safeguards on table 
motion trip feed motors in the event of overload. 
Table working surface: 
50” x 104”. Spindle centre 
to table: min. 332”, max. 
144”. Write for illustrated 
leaflet A.207. 


Fully automatic table cycle 


Spindle speeds from 25 to 880 r.p.m. 
30 rates of feed—" to 20’ per min. 








JAMES ARCHDALE & CO LTD 


BLACKPOLE WORKS + WORCESTER < Telephone: WORCESTER 27081 (7 lines) 
A MEMBER OF THE STAVELEY COAL & IRON CO LTD GROUP 
Sole Selling Agents: ALFRED HERBERT LTD - COVENTRY ° Telephone: COVENTRY 89221 
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Hunting for a first class source of cutting 
and finishing tools for gears? 


Seek no more! In the heart of the David Brown 
organisation there is a division specialising in 
making Hobs, Shaper Cutters, Rack Cutters and Shaving Cutters—the lot. 
Since David Brown have been making fine quality gears and the 
tools for cutting them for one hundred years, it follows that there 
is a wealth of experience to draw on. So, if 
you have a gear cutting or finishing problem get 
in touch with David Brown. You will find 
their area engineers very willing to help you. 


DAVID BROWN 


YEARS 

1860-1980 7 
THE DAVID BROWN 
CORPORATION (SALES) LIMITED 


TOOL DIVISION * PARK WORKS * HUDDERSFIELD 
TELEPHONE: HUDDERSFIELD 3500 
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@ THE CUTTING MECHANISM OF 
ABRASIVE GRAINS 


The principal purpose of a 
precision surface-finishing opera- 
tion is to produce a workpiece to 
accurate dimensions with a pre- 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





scribed surface quality within a 
reasonably short tine. A knowledge of the basic 
mechanism of these processes is_ therefore 
essential in the quest for improved efficiency of 
the finishing operation and improved surface 
smoothness. It is for this reason that a recent 
investigation has been carried out in Japan with 
a view to examining the cutting mechanism of 
abrasive grains and to relate their cutting action 
to two-dimensional cutting operations, in order 
to show how the chips are formed by the 
cutting edges of the grains. 

These investigations were based on cutting 
tests with a ceramic tool at a cutting speed of 
2000 metres per minute and with a cutting depth 
of | micron. It was found that stock removal 
tended to decrease and the phenomenon known 
as “swell-up” to increase with increasing 
cutting-edge angles. At low cutting speeds, 
stock removal therefore becomes very small, 
while the height of the swell-up becomes more 
than 80% of the cutting depth, though swell-up 
decreases with increasing work-hardening. The 
ratio of the tangential force to the normal force 
exerted on the workpiece decreases with decreas- 
ing depth of cut and increasing cutting-edge angle. 


From Bulletin Japan Soc. Mech. Engineers, 
No. 3, 1960, pp. 547-555. 


@ ZERO-CURRENT CIRCUIT-BREAKERS FOR 

A.C. EQUIPMENT 

The interruption of a.c. equipment during 
the period when the current wave passes through 
zero is usually highly desirable, inasmuch as it 
reduces the possibility of burnt-out contacts to a 
minimum. In practice, interruption should 
take place within a maximum of +20% of the 
maximum current amplitude, though this range 
should, if possible, be even narrower when a 
very large number of switching operations is 
involved. However, even a range of +20% at 
50 cps has a duration of only 1-33 milliseconds, 
and opening of the contacts must therefore be 
carried out within this very short period. 

Various proposals have been made in the past 
for effecting switching operations when the 
current wave is more or less passing through 
zero, but none has been entirely satisfactory. 
However, a recently patented circuit-breaker is 
stated to overcome the disadvantages of previous 
equipment for this purpose and to provide an 
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almost instantaneous opening action just before 
the current becomes zero. Essentially, the 
circuit-breaker comprises an actuating piston- 
and-cylinder device, the cylinder opening into a 
discharge channel. The piston is connected to 
the movable contact and is biased by a spring to 
move into the “off” position and to close the 
contacts by the action of a gas or liquid under 
pressure. A rotary discharge valve, arranged in 
the discharge channel and linked to the shaft of a 
synchronous motor connected to the a.c. line 
to be interrupted, is so adjusted that it opens the 
discharge channel shortly before the current 
wave passes through zero. A control valve in 
the discharge channel between the cylinder and 
the discharge valve opens the channel for the 
discharge of the pressure fluid contained in the 
cylinder when the rotary discharge valve opens. 
In this way, the discharge valve rotates in 
synchronism with the alternating current to be 
interrupted and opens the discharge channel for 
the piston-and-cylinder device for opening the 
breaker contacts shortly before the current wave 
passes through zero. If the discharge channel is 
made sufficiently wide and if a discharge valve 
with a wide opening is used, an almost instan- 
taneous opening action, taking place just before 
the current becomes zero, is obtained. 


From Brit. Pat. Spec. 862,091. 
Licentia Patent-Verwalt. GmbH, Frankfurt/Main, Germany 


@ CONTINUOUSLY OPERATING GASEOUS 

OPTICAL MASER 

Using a gaseous discharge to achieve 
continuous Operation, a new optical maser or 
“laser” for producing beams of coherent light 
has now been developed and is reported to have 
various advantages over the ruby-type optical 
maser recently perfected and reported in these 
pages in our issue for October, 1960. Thus, for 
instance, the ruby optical maser depends for its 
operation on an external bright light to “pump” 
the chromium atoms in its crystal structure into 
an excited upper-energy level, these excited atoms 
then emitting their energy as coherent light. On 
the other hand, the new optical maser utilizes a 
mixture of helium and neon as its active medium, 
an electrical discharge flowing through these 
gases in the same way as in a conventional neon 
tube. Also, the spectral line width of the output 
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telephone 
BIRMINGHAM Bearwood 2779 LIVERPOOL Central 2820 
BRISTOL Bristol 56014 LONDON Whitehall 8902-5 
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GLASGOW City 7203 SHEFFIELD Sheffield 29361 
WEST CUMBERLAND Egremont 361 
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beam of the gaseous optical maser is 100,000 
times narrower than that of ruby masers. The 
line is therefore thousands of times sharper than 
the best spectroscopic lines available in the 
optical region, and its extremely narrow line 
width has permitted observation for the first 
time of difference-signals at radio frequencies 
between two optical lines. Another advantage 
is that the power to excite its action is extremely 
low (considerably less than 100 W), while the 
output power is in the range of 0-01 W. 

The energy from the internal discharge 
excites the helium atoms to a very high “‘meta- 
stable” energy level, from which they normally 
would not radiate energy. The neon atoms in 
the mixture collide with the excited helium atoms, 
and the energy is transferred to them through 
the collision process. The neon atoms them- 
selves can then be stimulated to radiate their 
energy on demand in a continuous stream, the 
beam being reflected backwards and forwards 
through the length of the gas-filled tube by 
semi-reflecting end-plates and growing in inten- 
sity with each traverse of the tube. Some of the 
beam is transmitted through the plates, forming 
a very narrow beam of coherent infra-red light 
with a spread of less than one minute of arc. 
During this stimulated radiation of energy, 
some of the neon atoms also drop into still lower 
energy levels, spontaneously emitting the reddish- 
yellow light typically associated with conven- 
tional neon tubes. Since the neon atoms can 
radiate energy in almost any one of four upper 


energy levels to one of ten intermediate levels, 
up to thirty discrete frequencies can be emitted, 
the range of possible wavelengths lying between 


9000 and 17,000 A. Other gas mixtures can, 
however, be used, and these are expected to 
produce output frequencies with a success 
comparable with that of the original helium-neon 
mixture. 


From Bell Telephone Laboratories, New York, 
February 1961. 


@ TITANIUM BORIDE FOR HIGH-STRENGTH 

PARTS 

Titanium boride, which is now available 
with an extremely fine and uniform particle size 
and with a purity as high as 99-5%, can be 
shaped into parts having densities as high as 
0-158 Ib/cu.in., or 99% of the theoretical 
crystal density. The material maintains a 
flexural strength of 35,000 psi and an elastic 
modulus of 60 x 10° psi over a temperature 
range of from 77 to 3600°F in a protective 
atmosphere. Oxidation resistance is excellent 
at temperatures up to 1800°F and, even at 
2500°F, the material oxidizes at a relatively low 
rate. Titanium boride is inert to molten 
aluminium, zinc, and slags, but not to molten 
ferrous materials. 
APRIL, 
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Although its hardness makes fabricated 
titanium diboride virtually unmachinable except 
with diamond tools, intricate shapes can be 
machined with conventional tools during pro- 
cessing. The high-temperature strength of the 
material, combined with its light weight (about 
half the weight of steel), makes it suitable for 
lightweight ball and roller bearings for high- 
temperature equipment such as jet and rocket 
engines. The high hardness of titanium boride 
appears to make it suitable for use as such 
milling media as balls and cylinders, as granular 
abrasives for finishing hard metals, as cutting 
tools for hard metals, and as abrasion-resistant 
surfaces such as wear plates, knife-edges, and 
sand-blasting nozzles. The low electrical resisti- 
vity of titanium boride is expected to result in 
one of the first major uses for the material, i.e., 
lead-in connections for cells used in the produc- 
ing of aluminium, since, as mentioned above, 
the material is attacked neither by molten 
aluminium nor by the corrosive salts used in 
aluminium production. 


From Materials in Design Engineering, U.S.A., 
January 1961, pp. 10-11. 


@ MEASUREMENT OF INTRAGRANULAR MIS- 

ORIENTATION IN METALS 

An X-ray diffraction method has been 
developed to measure intragranular mis- 
orientation in metals, i.e., bending or tilting of 
the atomic lattice within the grain, after plastic 
strain. A preliminary study showed that mis- 
orientation of several hundredths of a degree 
could be determined by means of a two-exposure 
photographic process, in which two patterns of 
spots obtained by X-ray diffraction from the 
grains in a specimen are photographed, one 
exposure being made while the specimen is 
oscillating and the film stationary, and the 
other while both the film and the specimen are 
oscillating synchronously. The breadths of a 
large number of spots thus reproduced on the 
two films are then measured, and an average 
breadth for each film is calculated. From these 
data, a numerical value can be derived to 
indicate the average misorientation in the 
specimen. 

To obtain these data, an instrument based 
on the design of a double-crystal spectrometer 
has been constructed. One X-ray diffraction 
pattern is produced by directing an X-ray beam 
from a copper-target tube through a collimator 
tube onto a strongly diffracting single crystal 
of lithium fluoride in a stationary mount. This 
crystal diffracts a narrow monochromatic beam 
through an angle onto the specimen under study 
in an oscillating mount in the second crystal 
position. The grains in the oscillating specimen 
diffract the beam through another angle onto 
the film while the film holder is held stationary, 
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Designed to offer the widest possible range of 
accurate and reliable measurements at the 
lowest possible price, the versatility and use- 
fulness of the Multiminor are now further 
extended by specially designed leads. These 
new leads, available at no extra cost, will 
accept crocodile clips or PRODCLIPS. 


The Multiminor takes full advantage of the possi- 
bilities of printed circuit techniques to achieve out- 
standing compactness and economy of weight. The 
scale is clear and open. The fine red coloured pointer 
and effectively damped movement facilitate easy and 
rapid reading. 


For use in Radio, TV, Electronics, Motor Vehicles, 
domestic appliances, workshop equipment, you'll 
find the Multiminor a great little meter! 


MULTIMINOR 


Use PRODCLIPS (Pat. No. 748811) 


with the Multiminor 


These cleverly designed spring-loaded 
insulated prods are the complete 
answer to a long-standing prob- 
lem. Press the trigger to open, 
release to grip. Keep your 
free no matter how 
difficult of access your test 

points may be! 


15/- per pair. 





complete with Test leads 


100uA and Crocodile Clips. Lea- 
‘ah Ger Cose if required 39/- R. E. = M. F. 


O— 10mA «.,. 
s00ma Size: SEX 38 x 1. EXHIBITION 


1A Weight: 1 Ib. approx. 
May 30—June 2 


nig Stand No. 225 
MULT MV | NOR FITS THE POCKET By. FILLS THE BILL 


Write now for illustrated literature to:— 
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so that a pattern is obtained. The film is then 
replaced, and both the specimen and film are 
oscillated while a second pattern is obtained 
from the same specimen. Comparisons of the 
average breadth of the spots in the two 
patterns can then be made. 

The specimens used in this particular investi- 
gation were sections cut from rectangular bar 
specimens of cartridge brass that had previously 
been extended, extended and compressed, or 
extended and compressed and again extended, 
from | to 4% cumulative strain. The data 
obtained indicate that some of the misorientation 
induced by plastic deformation in tension 
disappears after compression, and it is stated 
that the experimental results of this work will 
be used in research on metal fatigue and 
in studying the mechanical properties of 
metals. 


From NBS Technical News Bulletin, U.S.A., 
February 1961, pp. 19-20. 


@ PLATINUM-FREE CATALYSTS FOR FLAME- 
LESS COMBUSTION 


The catalytic properties of platinum, which 
enables it to act in a finely divided form as an 
oxidation catalyst, have been utilized for the 
flameless combustion of suitable organic sub- 
stances, especially for the purpose of producing 
heat energy. Also, any process which ensures 
the complete flameless combustion of organic 
substances is obviously very suitable for the 
elimination or removal of organic substances 
from oxygen-containing gas mixtures, even if 
these substances should be present in the gas 
mixture in relatively low concentrations. 

The possibilities of using catalysts other than 
platinum have been investigated, but so far the 
results obtained have been unsuccessful, so 
much so that it has been considered that the 
likelihood of finding platinum-free combustion 
catalysts of sufficiently high activity at relatively 
low temperatures is remote. It is now reported, 
however, that some of the dark-coloured mixed 
chromium oxides can be used as exceedingly 
active catalysts for flameless combustion, these 
oxides including carefully dehydrated amorphous 
precipitates of the type generally referred to as 
chromium chromates, and chromium-containing 
complex precipitates obtained by the joint 
precipitation of solutions of certain chromium 
salts and of certain metal salts, such as those of 
aluminium, iron, manganese, nickel, cobalt, 
copper, and zinc, with ammonia, ammonium 
carbonate, or some other suitable alkaline 
precipitation agent. These substances can be 
used for the flameless combustion of organic 
materials in the liquid or gaseous state at 
relatively low temperatures, as well as for 
removing organic contaminants and for elimi- 
nating poisonous or evil-smelling organic sub- 
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stances in waste gases. The temperature of the 
catalyst is maintained at below 400°C (preferably 
at about 300°C), causing complete flameless 
combustion of the organic materials concerned 
into carbon dioxide and water. 


From Brit. Pat. Spec. 862,771. 
J. H. Helberger, Munich-Thalkirchen, Germany. 


@ METHOD OF INHIBITING PARTICLE GROWTH 

IN HYDRAULIC FLUIDS 

A recent investigation has revealed that the 
growth of contaminating particles in hydraulic 
fluids is due to the agglomeration of small 
particles, which, in the presence of vibration, 
strike each other and tend to stick together. 
Filtering out small particles which will later 
agglomerate is believed to have two advantages 
in providing an answer to the problem of particle 
growth, i.e. (1) if there are very few particles left 
after filtering, there is practically nothing left to 
agglomerate, and (2) the reduction in the number 
of particles is a strong force in preventing the 
mechanism of agglomeration from occurring. 
It is this fact which makes careful filtration a 
practical measure, even though perfect filtration 
is not possible. 

From the laws of physical chemistry it can 
be deduced that the rate of growth or agglomera- 
tion is proportional to the square of the con- 
centration of particles. Thus, if better filtering 
cuts the particle count by a factor of 10, then 
the particle growth rate will drop by a factor of 
100. Furthermore, as particles agglomerate, 
the particle concentration drops further, with a 
corresponding drop in growth rate. For 
example, if all particles are 5 microns in size 
and combine to form half as many 10-micron 
particles, then the growth rate will drop by a 
factor of four. In this technique, the emphasis is 
therefore laid on filtering out particles which 
used to be considered acceptable, as well as the 
large “‘rocks”’ which have always been screened. 
In this way, the growth rate will drop to such a 
low level that it may be considered as not taking 
place at all. 


From SAE Journal, U.S.A., 
March 1961, p. 67. 


@ METHOD OF PRODUCING LOW-PERMEA.- 
BILITY CARBON 


The permeability to liquids and gases of 
massive carbon in the form of standard com- 
mercial graphite constitutes a serious disadvant- 
age to the use of this material for certain 
applications, particularly in the field of nuclear 
reactors. To overcome this difficulty, a new 
process has been developed for producing 
low-permeability carbon from a carbon of 
higher permeability and has, among others, the 
advantage that it can be carried out in a com- 
paratively short time. 
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STANDARDISED RIGHT ANGLE 
CONIFLEX BEVEL GEAR 
UNITS FOR INDUSTRY 


ANG 


TRACE MARK 


FEATURES : 


@ universal mounting 

@ compact design 

@ hardened conifiex 
gears 


@ ball bearings 
* pl ly 4 A 
@ lubricated for life 


@ internal pilots on 
mounting flanges 


@ each unit tested for 
quietness at full 
rated speed 





ANGLgear units are compact, standardised 90° power takeoffs for manual or power 
transmission of rotary motion. Equipped with hardened Conifiex gears and lubricated 
for life. ANGLgears are quiet and efficient at speeds up to and including their maximum 
rated r.p.m. 


There is an ANGLgear to solve almost any 90° takeoff 
problem on either manual or power operated equipment 





Copyright reserved 


VARATIO—STRATELINE GEARS LTD 


Made in England under licence to U.S.A. principals. 


+ 277-279 
Slough, 


We also manufacture 


“STRATELINE” SPEED REDUCERS 


Input H.P. range 1/16th to 25 H.P. Ratios from 
3:1 to 1,000,000:1 
undertaken for special applications, 
torque output 100,000 /bs/ins. 


Greater reductions can be 
maximum 


Coaxial Shafts: Positive gear drive therefore no 
slip. 
Each unit covering a wide range of ratios without 
Units can be 
arranged for any position of mounting 


Large reduction ratios in very small space. 


alterations to external dimension. 


“VARATIO”’ Positive Variable Change 
Speed Gear Box for positive speed 
at your finger tips. 


@ without the use of a clutch 
@ without stopping the motor 
@ without clash or shock 

@ without dropping the load 
@ without slip 


The “Varatio” Positive Variable Change Speed 
Gear Box has the outstanding merit of ROBUST 
SIMPLICITY COUPLED WITH HIGH 
EFFICIENCY, COMPLETE RELIABILITY, 
and the RELATIVELY SMALL SPACE it 
occupies. 


Aberdeen 


Avenue, Trading Estate 
Bucks t 





Conveyors 


Car seat frames emerging from a 
stoving oven at the plant of Cox & Co. 
(Watford) Ltd, 


Teleflex 


wie 
Bs 2 
& 


Tel: Midland 3421. 


ES RSG ee a: 


Teleflex Products Limited, P.O. Box 
Tel: Basildon 20581. Grams: Teleflex/Phone/Basildon. 


Midlands Office: Lichfield House, Ringw: 
Telex: 33412. 


Conveyor installations in Britain and 
abroad have proved the enormous suc- 
cess of Teleflex mechanical handling. 
Industries making goods as various as 
cigarettes, beer, refrigerators, washing 
machines, biscuits, car components, 
bicycle parts and a host of other pro- 
ducts have based production schemes 
on Teleflex lay-outs. 

In storage, plating, painting, assembly, 
ackaging and dispatch departments 
eleflex conveyors bring a new order 

of efficiency. 

Precision handling at economic cost is what 

you demand. You get it from Teleflex! 


Biscuit 
packaging and 
dispatch 
departments, 
Burton’s (Gold 
Medal) 
Biscuits, Ltd., 
Blackpool. 


No. 1, Basildon, Essex 
Telex: 1970, 


ay, Smallbrook, Birmingham 5 


“Sgn 
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Basically, the new process involves heating 
a carbon of higher permeability impregnated 
with a solution of sugar or a molten sugar, so as 
to decompose the sugar and cause additional 
carbon to be deposited in the pores of the main 
body of carbon. The sugar should be purified 
(a table variety will normally be sufficiently 
pure), so that substantially the only solid 
product of decomposition is carbon. Solvents 
other than water are satisfactory. For instance, 
acetic acid can be used, in which case the effect 
of the process appears to be enhanced, because 
more carbon is deposited in the pores by 
decomposition of the acetic acid. Impregnation 
can be carried out under pressure, and it is 
advantageous to evacuate the pores before 
filling them with the sugar solution. Decomposi- 
tion is normally effected by heating the carbon 
body to between 170 and 300°C, but, for certain 
applications, e.g., in nuclear reactors, a further 
stage or stages of heating up to 1000°C or more 
may be necessary to expel all gaseous or 
vaporizable contaminants which may happen to 
be present. 


From Brit. Pat. Spec. 857,157 
The General Electric Co. Ltd., London 


@ IMPROVED INDUCTION MANIFOLD FOR 
INTERNAL COMBUSTION ENGINES 


The length of the induction passages in 
induction manifolds is one of the factors 


influencing the behaviour of internal combusion 


engines. Oscillations of the air column in the 
induction system can increase or reduce the 
efficiency of the engine, depending on the 
extent to which consideration is given in the 
design of the system to the need for suiting the 
length of the induction passage to engine speed. 
In fact, induction-passage length and engine 
speed are related to one another, and favourable 
proportioning of these two factors makes it 
possible to improve the performance of an 
engine. Charging in this way is termed dynamic 
charging, and experiments have shown that, 
even with high-speed engines, a relatively long 
induction passage is still necessary to produce in 
the passage a standing wave at whose nodal 
point a pressure increase is set up to bring about 
a certain charging effect in the cylinder. 

To achieve good dynamic charging of a 
cylinder at a predetermined engine speed, an 
improved induction-manifold unit for internal 
combustion engines has been designed, in which 
the common induction pipe has a flat side 
towards the individual pipes, while the inlet 
openings, which are parallel to the outlet 
openings of the individual pipes, lie in the plane 
of the flat side. As a result, the division between 
the common pipe and each individual pipe lies 
in one plane and there is a uniform passage 
length over the entire cross-section of each 
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individual pipe. Practical tests have shown that 
this design results not only in a substantial 
increase in power over a narrow range of engine 
speed, but also in increased power over a wider 
speed range, as compared with engines in which 
the connection between the individual pipes and 
the common pipe is of conventional design. 


From Brit. Pat. Spec. 862,261. ‘ 
Daimler-Benz A.G., Stuttgart-Untertiirkheim, Germany. 


@ IMPROVED METHOD OF CONVEYING AND 

CONDITIONING PLASTIC FILMS 

During processing, plastic films are generally 
conveyed through suitable apparatus for con- 
ditioning, i.e., for applying to the film a constant 
temperature at which its molecular structure is 
returned to and/or maintained in a state 
corresponding to that of unstressed film. 
When conditioning films in this way, particularly 
very thin films with thicknesses of from 20 to 
100 microns, certain problems arise, mainly 
in connection with the fact that, if they come into 
physical contact with a material having a 
higher specific heat or a different temperature, 
local variations in temperature are readily 
transmitted to the films. As a result, substantial 
stresses can be set up, causing blisters or folds 
which are detrimental to the subsequent treat- 
ment of the film. 

To overcome this difficulty, a new process, 
principally intended for very thin films, enables 
them to be simultaneously conveyed and 
conditioned without the risk of stress problems 
occasioned by physical contact between the 
equipment and the film. The basis of the new 
process is a simple tunnel arrangement through 
which the film is conveyed, and the use of two 
streams of heated air directed obliquely onto 
the upper and lower surfaces of the film. The 
purpose of these two streams of air is twofold, 
i.e., to raise the temperature of the film suffici- 
ently to remove any internal stresses which may 
be present in it, and, at the same time, by virtue 
of their obliquity, to propel the film through the 
tunnel, thus avoiding physical contact between 
the film and materials of a higher specific 
heat or a different temperature during its 
passage and maintaining it in an unstressed 
state. 


From Brit. Pat. Spec. 858,154, 
Société d’Applications Industrielles Plastiques, France. 





Readers desiring further information on an 
developments reported in THE BLUE PAG 
are invited to write to the Editor. Copies of the 
full specifications of any British patents men- 
tioned, which are published by courtesy of H.M. 
Stationery Office, should be obtained from the 
Patent Office, 25 Southa Buildings, 
Chancery Lane, London, W.C.2. Price 3s. 6d. each. 

















Have you got 


that in focus, 
Mr. Brown? 





Mr. Brown may know a lot about the “‘wonders of the deep” 
but how much about the wonders of the camera in his hands? 
High precision equipment like this relies on the finest com- 
ponents, and quite often those components are pressure die 
castings .. . an inseparable part of modern living. 

Wolverhampton pressure die castings offer manufacturers high 
quality components at remarkably low cost in a variety of 
pleasing finishes. And the massive scale of production they can 
achieve helps the public enjoy a higher standard of living. 
Wolverhampton pressure die castings in zinc and aluminium 


point to progress in a big way. Your enquiries would be welcomed. 


THE WOLVERHAMPTON DIE CASTING COMPANY LTD 


GRAISELEY HILL, WOLVERHAMPTON, STAFFORDSHIRE TEL: WOLVERHAMPTON 23831 
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UNIT DESIGNERS LINK UP WITH 
BRITISH RUBBER MANUFACTURER! 


Phoenix and Getefo will make a new dynamic approach 
to your vibration problems 








Great news for British manufacturers ! 
Phoenix are now producing rubber to metal 
bonded anti-vibration units which 

are designed by Getefo, acknowledged leaders 
in anti-vibration engineering. 

Getefo, or to give them their full name, 
Gesellschaft Fur Technischen 

Fortschritt MBH of Koblenz, pioneered the 
study of the dynamics of anti-vibration 
problems. Now, in this new 

association with Phoenix, the knowledge 
gained in their researches 


. ve . Measuring the internal temperature of the rubber of an 
is made available to British industry. anti-vibration mounting, during dynamic testing. 


If you make a product which is subject to vibration, Phoenix can help you! 


RUBBER TO METAL BONDED 
ANTI-VIBRATION UNITS 
designed by Getefo 


Phoenix Rubber Co. Ltd. Slough, Buckinghamshire. Telephone: Slough 22307/9 
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HOW TO ELIMINATE vibration and 
Structure borne noise 


Vibration and structure borne noise are operating phenomena 
which cost industry many hundreds of thousands of pounds 
every year. In America and in Germany, thousands of 
machine tools are isolated from the areas of floor upon 
which they stand by ‘BARRYMOUNT’ Isolating MACHINE 
MOUNTS. 

In addition to eliminating vibration and structure borne 
noise, the use of ‘BARRYMOUNT’ Isolating MACHINE MOUNTS 






Photograph by 


cuameany af also eliminates drilling of floors and the resultant inflexible 
Ae yn location of machines. But these devices locate firmly and 
stabilise machines, and built into each mount 
wave 1» ENSLANO UNDER Licence is a levelling adjustment requiring only a 
“ spanner to operate it. Compared with tradi- 
BARRY( i ) MOUNT) tional methods of bedding down or mount- 

PROM BaRRy commeeis INC. OF US* ing machines, their cost is insignificant. 


Please address enquiries to: 


CEMENTATION (MUFFELITE) LTD. 
HERSHAM, WALTON-ON-THAMES, SURREY 
Telephone: Walton 24122-3-4 
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VIBRATION 
DAMPING 


Metalastik mountings are manufactured in an unequalled range 
of designs to isolate vibration from prime-movers and machinery 
and to protect instruments and vibration-sensitive equipment 
from transmitted vibration. In addition, there are special moun- 
tings to absorb shock and to permit movement due to thermal 
expansion and other forces. Bridge mountings are in the latter 
category. 


Mountings illustrated are: 


1-4 “Instrumountings” safeguard instruments and light equip- 
ment. Very high deflections are provided by type in Fig. 2 
for protection against low-frequency vibration and shock. 


The Double-U-Shear mounting is easily fitted and available 
in a range of sizes for loads of 4-450 Ib. per unit. Deflec- 
tions up to 0°3’. 


Equi-Frequency mountings are of low height and have the 
same stiffness in all directions. In sizes for unit loads of 
2-400 Ib. 


The famous Metacone is available with pedestal adaptor 
and when required a height-adjustment feature for accurate 
alignment without shimming. Plate type adaptors are also 
available. 


‘B’ Type mountings have equi-frequency characteristics and 
unit loads up to 700 lb. can be accommodated. Vibration 
insulation for frequencies down to 700 c.p.m. is provided. 
These mountings may be bolted down or supplied with 
friction locating pads. 


Most widely used of all mountings for industrial machinery, 
the Cushyfoot has different stiffnesses in vertical, transverse 
and longitudinal directions. For unit loads up to 3,500 Ib. 
and deflections up to }”. Can be fitted in series to give very 
high deflections. 


Cushymounts provide high deflections for the isolation of 
low-frequency vibration from heavy diesel engines. Built- 
in adjustable buffer limits engine movement. Deflections 
up to }” for loads of 1-5 tons. For locomotive power 
units, marine generators and industrial power plant. 


METALASTIK LTD., LEICESTER 
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Anti-Vibration Mountings 


AN EDITORIAL STAFF REPORT 


IN the last century, the sole criterion of a machine was 
that it should fulfil its function satisfactorily, with an 
almost total disregard of its size, weight, and appearance, 
and it is only comparatively recently that it was required 
to be more compact and to be of “‘streamlined’’ design. 
Nowadays, however, a fundamental requirement is that 
a machine is also expected to operate with the maximum 
possible freedom from noise and vibration as, apart from 
the fact that a low level of noise and vibration allows 
personnel to work without unnecessary strain and with 
increased accuracy, equipment operating with minimum 
vibration can be expected to have a longer service life. 

It must, of course, be appreciated that, depending on 
its type and application, a machine inevitably produces 
some degree of vibration, and it is therefore the purpose 
of this survey to deal with methods of reducing unwanted 
vibrations to a minimum by means of anti-vibration 
mountings, i.e., supporting elements and arrangements 
employed to reduce the transmission of vibrations to 
acceptable levels. The sources of vibrations in the 
machines themselves are not discussed, except incidentally 
to focus attention on local sources of excitation giving 
rise to vibration frequencies and amplitudes requiring 
particular attention. 

The extent to which vibration isolation is effectively 
used seems to vary enormously not only from one 
factory to another, but sometimes also from one machine 
to another in the same premises. Nevertheless, vibration 
isolation has attained a high degree of development, and 
many excellent anti-vibration mountings are available. 
It is hoped, therefore, that this survey will serve as a 
useful guide to the selection, out of the many types 
available, of the most suitable anti-vibration mounting 
for any specific application. Certainly, the information it 
contains should, at any rate, help potential users to 
understand the principles involved in the use of anti- 
vibration mountings and thus to be able to discuss more 
rationally their particular problems with manufacturers, 
whose expert knowledge should, of course, always be 


sought. 


The Function of Anti-Vibration Mountings 


Supporting arrangements for machines should be 
designed to provide as far as possible stable working 
conditions, i.e., conditions of minimum vibration. 
Theoretical considerations indicate that there are two 
main ways of solving the vibration problem, i.e., (1) to 
make the foundation extremely rigid (as in hydraulic 
turbine installations), so as to raise resonant frequencies 
to very high values which will not be excited by the forces 
of the machine in its normal range of speeds and working 
conditions, and (2) to make the foundation so flexible 
that its resonant frequencies are below the lowest 
excitation frequencies of the machine. 

The first method is applicable with good results if the 
excitation forces do not include high-frequency har- 
monics, and if weight is not a major consideration. It is 
fairly rare, however, that a vibration occurs at a low 
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frequency without harmonics which can induce resonances 
in a rigid structure. This explains why preference is 
usually given to the second method, which provides for a 
flexible “‘low-tuned”’ system, instead of a rigid “high- 
tuned”’ system. Considerable research and development 
work has therefore been concentrated on highly flexible 
anti-vibration mountings. 

It should be mentioned that a third possibility is the 
use of a damper to reduce resonant amplitudes. 
Dampers, however, tend to become uneconomically 
large if they are used for frequencies below 25 cps. The 
present practice, therefore, is to employ dampers for the 
higher frequencies, and to incorporate them in anti- 
vibration mountings, wherever necessary. A _ wide 
variety of types of dampers has been developed, the 
damping action being produced by viscous fluids 
(grease, oil, silicones), air (rubber bellows with a fairly 
small orifice), dry friction surfaces, eddy currents, and 
elastic hysteresis (rubber compounds). 

Arrangements embodying anti-vibration mountings 
are used (a) for the reduction of transmission of mechani- 
cal vibrations and impacts, and (b) for the reduction of 
transmission of audible-frequency vibrations to structures 
which might radiate them in the form of noise into the 
surrounding air. 

It should be understood that isolation of a machine 
which produces vibration is known as “active” isolation 
In this case, the excitation frequencies which must be 
dealt with are well defined. ‘“‘Passive”’ isolation is the 
isolation required when a precision machine or instru- 
ment has to be protected from ambient vibration. In 
this case, there may be a random variation of frequencies 
with less well defined values. 

In general, it may be said that mounting arrangements 
are required to have the following properties:— 

(1) The ability to sustain static and dynamic loads. 

(2) Constancy of dynamic properties over a sufficiently 

long period. 

(3) Constancy of static properties (avoidance of 

gradual misalignment or warping). 

(4) The ability to withstand operating conditions 

(temperature, moisture, oil, etc.). 


Basic Types of Excitation 


The vibrations produced by a machine are either 
steady-state or transient. Steady-state vibrations are 
continuous vibrations caused, for instance, by residual 
unbalance forces and couples, torsional, whirling or 
axial vibrations in engines, turbines, and generators, 
movements of overhung flywheels, self-sustaining 
vibrations due to the passage of steam or gases flowing 
asymmetrically through restricted passages, etc. The 
range of frequencies usually covered by excitations of 
this type extends from the running-speed frequency to 
some fairly high-order harmonics of this frequency. 

Transient or impulsive vibrations are the result of 
sudden variations of forces or movements, which may be 
due either to a local redistribution of momentum in a 
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machine (e.g., gear hammer, tool chatter, or rumbling of 
shafts in their bearings) or to additionally applied forces 
(the impacts of steam hammers, piston slap, or valve-seat 
impacts). Impact transients produce vibrations which 
can cover the entire range of audible frequencies. 

The humming noise produced by springs, cover- 
plates, pipes, and auxiliaries mounted in cantilever 
arrangements on the sides of machines is mainly radiated 
directly to the surrounding air, and not transmitted to the 
foundation. 


Subsoil and Supporting or Adjacent 
Structures 


Although some machines are supplied with their 
anti-vibration mounting arrangements as a packaged 
unit, this applies mainly to medium- and small-size 
equipment. In most cases, stationary equipment is 
provided with mountings by the purchaser, although 
frequently the makers are prepared to undertake this 
work on request. 

The degree of vibration isolation necessary depends 
to a considerable extent on the site where the machine or 
equipment is to be installed. If the machine and its 
anti-vibration mounting arrangement are to be set up on 
the ground, the subsoil is of primary importance. Wet 
gravel, rock, and underground water transmit vibrations 
very efficiently. An outcrop of clay from a stratum under 
a machine can set up vibrations in structures at a con- 
siderable distance. On the other hand, dry gravel and sand 
do not transmit vibrations very effectively. 

Examples of specific loadings considered acceptable 
for various subsoils are from 4 to 6 tons/ft? for gravel, 
5 to 20 tons /ft? for rock, 2 to 5 tons /ft? for sand, clay, and 
chalk, and less than 1-0 ton/ft? for soft clay. Usually, the 
ground must be piled (sometimes extra drainage is 
required) and provided with a layer of concrete. To take 
account of dynamic loads, from 50 to 75% of the weight 
of the machine should be added when calculating 
specific loadings. 

An assessment of vibration conditions without 
anti-vibration mountings can be made as follows:—If a 
machine of weight W is mounted directly on the ground, 
then (since the subsoil has some elasticity) the resultant 
system will be capable of vibrating at a frequency F 
which can be estimated from 

F=188/Vy — [vpm] 

where y is the deflection of the subsoil under the machine. 
Representative values (based on frequency measurements) 
of deflections for various subsoils are very approximately 
0-007 in. /psi for wet clay, 0-005 in. /psi for dry clay, 0-003 
in./psi for gravel, 0-0003 in./psi for chalk, 0-00013 
in./psi for sandstone and concrete, and 0-00006 in. /psi 
for granite. 

For example, if a machine weighing 2000 Ib is placed 
on a fairly thin layer of concrete covering a dry clay 
subsoil, and is supported on a total area 400 sq. in., 
the subsoil will have a deflection of 0-005 = 2000/400 

0-025 in. (static), and the system will be capable of 
vibrating at an approximate frequency F = 188/ 0-025 
1200 vpm (i.e., 20 cps). 

If some machines are already operating in the premises 
where a new unit is to be set up, it may be worthwhile to 
ascertain whether these cause any perceptible vibratory 
disturbances, and to determine, if possible, the paths 
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along which they are propagated (brickwork, rails, 
staircase banisters, girders, etc.). A simple form of 
damper or an intermediate flexible layer can sometimes 
be very effective in reducing or preventing trouble. 

Usually, adjacent structures are able to transmit 
high-frequency, as well as low-frequency, vibrations, so 
that more elaborate anti-vibration mountings will be 
needed for machines near offices or dwelling houses 
than in large open bays in works where other machines 
are not affected. 


Severity of Transmitted Vibrations 


Objections to excessive vibrations are based on 
subjective assessments, objectionable levels varying 
considerably, depending on whether they affect 
(a) operating personnel in machine shops, engine-rooms, 
etc., (b) personnel in nearby offices, shops, etc., and resi- 
dents of dwelling houses in the surrounding area, and 
(c) precision machines, instruments, etc. 

Operating personnel rapidly become accustomed to 

vibrations occurring under “normal” working conditions, 
even when the amplitudes are clearly noticeable. Thus, 
in engine or machine rooms, floor vibrations of +0-002 
in. at 10 cps are frequently accepted without comment, 
particularly if the machines are only in intermittent 
service. The corresponding acceleration is (2m x 10)? 
< 0-002 = 7-9 in./sec? = 002g approximately. When 
the vibrations reach +0-01 in. at 10 cps, damage may 
occur to brickwork, and vibration reduction becomes 
essential. 

Office personnel and residents of houses in the 
neighbourhood have good reason to be much more 
sensitive to vibrations, since usually these are not of their 
own making. Precision machines and instruments can 
be made insensitive to vibration by suitable “‘passive” 
isolation. 

From various investigations, it appears that some 
tentative vibratory-acceleration levels are as follows: 


ACCELERATION LEVELS AT DIFFERENT FREQUENCIES 








F requency 


5 cps | 10 cps | 30 cps 50 cps 





i 


| 

Clearly perceptible 0-005¢ | 0-Olg 0-02¢ 0-04¢ 
Disturbing 0-02¢ 0-03¢ 0-06¢ 0-12¢ 
Painful 0-25¢ 0-33¢ 0-40¢ 0-40¢ 











Clearly perceptible vibrations are at levels which give 
rise to objections from offices and surrounding houses. 
Disturbing vibrations are at levels which should preferably 
not be exceeded for good working conditions in factories. 
It is considered that, if the vibration level is kept below 
0-02g¢ at 10 cps (corresponding to vibration amplitudes 
of +0-001 in. at this frequency), good conditions are 
obtained in workshops, and, unless the subsoil has a high 
transmissibility, there is little likelihood of complaints 
from surrounding areas. 

Since audible noise adds to the perception of vibration, 
it will also be an advantage to ensure that intakes, 
exhausts, fans, pipes, etc. are provided with appropriate 
silencing devices or sound-absorbing materials. Inci- 
dentally, doors, windows, and other structural fittings 
seem to be sensitive to excitations between, say, 5 and 50 
cps, so that this range of frequencies requires close 
attention. 
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For design-stage estimations of amplitudes, if the 
excitation forces are known and the static deflection of 
the subsoil or supporting structure is also determined, 
the dynamic deflection can be assessed, very approxi- 
mately, by multiplying the static deflection by a 
“dynamic magnifier”, typical values of which are from 
1 to 5 for subsoils, from 4 to 25 for rubber, 20 for steel 
springs, and from 20 to 40 for steel beams, girders, etc. 

When vibrating machinery is mounted on upper 
floors, even if it is set up on very effective anti-vibration 
mountings, there is always the possibility that some 
residual vibrations may be propagated along girders or 
pillars to walls and ceilings. In such cases, additional 
attenuation (particularly above, say, 50 cps) may be 
obtained by interrupting a structural element and inter- 
posing a layer of material with a lower modulus of 
elasticity, to reduce the transmission of longitudinal and 
fiexural waves. Sensitive equipment can be given 
passive protection, and can also be provided with 
dampers, if random variations of exciting frequencies are 
expected. 


Transmissibility and Decoupling 


Consider a simple system without damping, consisting 
of a mass mm [Ib-sec?/in.], mounted on a helical spring of 
stiffness k [Ib/in.], which is connected to the ground. The 
mass is excited at its centre of gravity in the vertical 
direction by a sinusoidally varying excitation force 
P = Po sinot [Ib], where Po is the initial force, f = w/2n 
is the excitation frequency [cps], and f¢ is the time [sec]. 

The force transmitted to the ground by the spring is 
ky, where y is the amplitude of the spring vibration (and 
of the mass vibration). The transmission ratio or trans- 
missibility T is expressed as ky/P, and it can be shown 
that, for this system, 


1 
1 —(f/fny)* 


where fny (1/2n)Vk/m is the natural vibration 
frequency of the system. 

The same expression for transmissibility 7 is obtained 
if the mass m, which has a polar mass moment of intertia 
J [Ib-in.-sec?] about its vertical axis, is made to perform 
rotational vibrations, owing to the action of a torque 
M = Mo sino? acting around this axis. In this case, fny 
is replaced by fng = (1/2n)Vko/J, where kg is the 
torsional stiffness of the spring [Ib-in. /rad.]. 

Furthermore, if there were no spring, the force P 
would be acting directly on the ground (through the mass 
m), so that T is also a measure of the vibration attenua- 
tion A, obtainable by interposing the spring. Finally, 
if P were a static force, it would cause a static displace- 
ment of the spring, i.e., vst = Po/k, so that 


T = y/Yet 


It is a remarkable fact that the above equations for T 
also apply in the case of a passive system, i.e., a system 
which is excited by motion of its spring support (or of the 
ground) as a forced displacement yc = yog sinof. 
The result is again T = y/yoo = 1/{1 —(//fny)?]. 

Now, an attenuation of the vibration amplitudes is 
obtained only if Tis less than unity, and this occurs when 
the frequency ratio f/fny or f/fng is greater than 4/2. 
Thus, the anti-vibration mounting arrangement will 
provide attenuation only if its natural frequency is at 
least 1-4 times lower than the excitation frequency. If 
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not, the vibration would be accentuated. With f/f, =1°0, 
the amplitudes would be greatly magnified by resonance. 
Thus, the curve of T plotted against frequency ratio is 
also the “resonance curve” of the system, presented in a 
non-dimensional form. For f//fn-values below 1°4, there 
is a negative attenuation or “magnification”; above 1-4, 
there is true attenuation. 

Differences in terminology occur at this point. 
Mechanical engineers consider an improvement in 
vibration reduction as an “‘amplitude reduction ratio”, 
which can be denoted by R. Torsional vibration 
specialists use the term “‘magnifier’’ (which is identical to 
transmissibility 7). Acoustical engineers express results 
as attenuation N [dB] (both for noise and vibration), 
because noise covers such a wide range of intensity 
levels that it warrants the use of a logarithmic scale of 
units. For ease of reference, corresponding numerical 
values for the various units are given in the following 
table, in which it should be remembered that the value of 
transmissibility T is always understood to be absolute. 


COMPARISON OF VARIOUS EXPRESSIONS OF ATTENUATION 








Value of f/f, 


/2 
Transmissi- 
bility 7 3 1-0 
Reduction 
ratio R 10 
Attenuation 
A{° 0 





Attenuation 
N [dB] ; 0 






































With regard to the above table, it should be noted 
that R = 1/7, A = 10011 — T), and N = 20 logioR. 

The 7-values given above are for a system without 
damping. If damping is present, the peak at f/f, = 1-0 
reduces to 20, 10, or 2-5 for damping ratios of 0-025, 0-05, 
and 0-20 respectively (since, at resonance, the damping 
ratio ~ 1/2T). At frequencies above f/f, = 1/2, the 
flank values of 7 are not very different from those of zero 
damping in the passive case (excitation coming from the 
ground). With active excitation (force or torque 
occurring in the machine itself), however, increased 
transmissibility occurs; for instance, at f/f, = 4, for 
damping ratios of 0-1, 0-2, and 0-5, the corresponding 
T-values are 0-09, 0-15, and 0-30 (instead of 0-07 as in the 
above table). It thus appears that damping is sometimes 
an advantage in dealing with passive vibration problems; 
in the case of active excitation, some amount of damping 
will also be useful in order to pass through resonances 
during starting and stopping, and to prevent secondary 
resonances of the system in the audible range owing to 
high-frequency components of the excitation. 

The above expression for transmissibility T applies to 
a simple system consisting of a spring and mass, which 
performs vibrations in one direction only, under steady 
vibratory conditions. For impacts and for vibrations 
occurring simultaneously in several directions, the 
resonance curves, and hence the expressions for 7, are 
different. Some further equations for T will be given 
later in this survey. 

Vibration levels of displacements d, velocities v, 
or accelerations a can be compared either at different 
points of a given system, or at the same point, with and 
without anti-vibration mountings. The relative improve- 
ment caused by the insertion of the anti-vibration 
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mounting can be assessed as 
Trei T— r gel Arei 2 A’ — A, 
Rrei Tir « Nrei = 20 logioRre1 


where 7” and A’ refer to the system with anti-vibration 
mountings, and 7 and A to the original system. The user, 
of course, is mainly interested in the final values of 
T’, A’, R’, and N’. 

Frequently, use is made of what is called mechanical 
impedance Z. Without some knowledge of electrical or 
acoustical operational methods, however, this term 
becomes of little value. It is sufficient, in many cases, to 
note that the mechanical impedance of a mass Zm = ma, 
and the stiffness impedance Z; = —k/w, where @ is the 
phase velocity of the excitation. The damping impedance 
Zz is the damping coefficient c. To say that a low impe- 
dance is required for a flexible element means that the 
mounting must have a low stiffness, i.e., a high flexibility. 
With an acceleration of @*d = wy (since v = wd), where 
d is the displacement, the apparent mass mapp of an 
element is expressed aS mapp = P/@v, where P is the 
excitation force. The resultant impedances of elements 
in series or in parallel can be evaluated by electrical 
methods, though they can be obtained equally well by 
means of classical methods using purely mechanical 
quantities. 

The mechanical or acoustic decoupling of two parts of 
a system is a very useful concept borrowed from acoustics 
and electronics. If the continuous length of a steel beam 
or girder is interrupted by insertion of a layer of rubber or 
felt, the result is termed decoupling. The rubber or felt, 
which has both mass and flexibility, forms a sub-system 
which is inherently “tuned”, so that it will not pass high 
(i.e., audible) frequency vibrations. In particular, 
structure-borne vibrations can be reduced in this way. 
The concept is also applicable to impacts. The time of an 
impact is usually fairly brief; in the decoupling element 
(rubber, felt, etc.), the impact energy is converted to a 
motion of longer duration before being transmitted to the 
outer portion of the girder. Decoupling therefore means 
the insertion of an element which has a mechanical 
impedance considerably different from that of other 
portions of the system. 


Coupled and Uncoupled Vibrations 


Any motion of a mass can be resolved into three 
displacement components about a vertical and two 
horizontal axes, and three rotational components about 
these axes. If any one of these six component motions 
can occur by itself, it is said to be uncoupled (or 
decoupled) from the others. Any two or more com- 
ponents of motion which can take place only simul- 
taneously or not at all, owing to external or internal 
constraints, are termed coupled components of motion. 

Consider the system in Fig. 1. If a steady or vibratory 
force Py is applied to the mass m along the vertical 
y-axis through its centre of gravity G, the mass will 
deflect solely along this axis. The vertical mode of 
vibration is therefore uncoupled from the other modes. 
Similarly, if a moment M;; is allowed to act on mass m 
about the y-axis, the mass will rotate solely about this 
axis. These are the two uncoupled modes of this 
mounting arrangement. If a force Pz is applied hori- 
zontally to mass m along the x-axis through its centre of 
gravity, m will be deflected horizontally and will also tilt 


downwards, rotating about a transverse axis below the 
z-axis (owing to the couple LP; created by Pz and the 
lever arm L from P, to the mid-height of the springs). 
Similarly, if a moment My: is applied about the x-axis, 
it will cause rotation about this axis and a displacement 
in the z-direction. These two modes are therefore 
coupled translational and rotational modes. Similar 
results occur with a force P: along the z-axis, and with a 
moment Mzy (in the plane xy) about this axis. 
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its centre of gravity. 











Thus, the system in Fig. 1 has two uncoupled modes, 
one in the y-direction, and the other in the xz (horizontal) 
plane, and these modes can occur independently with 
similar or different natural frequencies fray and fazy. 
The system also has four coupled modes, two with 
frequencies fnzy (1) and fnzy 17) (each of these corres- 
ponding to simultaneous translations along the x-axis 
and rotations in the xy-plane), and two with frequencies 
Sazy(1) and fnazy(rr). There thus are six frequencies in 
all, two for uncoupled and four for coupled translations 
and rotations. 

It should be noted that these frequencies are the same 
whether the excitation is active (with external forces or 
couples acting on the mass m) or passive (mass vibrations 
due to forced motion from the ground). 

The advantage of a system with uncoupled modes is 
basically that the motions of two or more uncoupled 
modes can be arranged to occur at the same frequency, 
thus reducing the bandwidth of resonant frequencies to 
which the system is sensitive. Consequently, the system 
can in many cases be made more stable by not having 
a uselessly isolated low frequency in its group of resonant 
frequencies. 

Uncoupled modes of vibration can be obtained under 
the following conditions:— 

(1) When the resultant of the reaction forces (or 
couples) of the mountings, acting on the mass, 
passes through (or is about an axis passing 
through) the centre of gravity of the mass. 

(2) When the intersection of the axes of inclined (or 
convergent) mountings is in a plane of symmetry 
passing through the centre of gravity of the mass, 
the intersection being preferably either at the 
centre of gravity or, in the case of “‘top-heavy” 
machines, at a point above or beyond it (as seen 
from the mounting positions). 
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Static Loading and the Distribution of 
Mountings under or around a Machine 


The mounting arrangement must sustain the dead- 
weight of the machine and must also keep it level under 
stationary and (as far as possible) normal working 
conditions. 

If the machine or equipment does not produce large 
unbalanced couples, it can in some cases be mounted on 
a single piece of resilient matting, and in such instances 
the main consideration is that the specific load on the 
resilient material should not exceed the permissible limit 
indicated by the suppliers. In practice, a single mat is 
used mainly if the supporting area of a machine is not 
very great, i.e., a few square feet. Often, more than 
one mat is used, and in such cases the questions of 
static loading and keeping the machine level are the same 
as for other types of resilient mountings. 

In the general case, the machine is supported by 
several mountings. To avoid tilting under static con- 
ditions, all the supports must have the same vertical 
deflection 5. Moreover, in practice, it is often con- 
venient to use mounting units which have the same 
vertical stiffness kK. The design-stage considerations can 
be illustrated by the following three examples of simple 
cases. 

(1) If the machine is symmetrical in two vertical 
planes, its centre of gravity G will also be its centre of 
symmetry. The four mountings can then be arranged near 
the four corners of the body of the machine, as shown in 
Fig. 2. Each mounting will then carry a load P = W/4, 
where W is the total weight of the machine, and the 
machine will be level under static conditions. 

(2) If the machine has only one vertical plane of 
symmetry, as shown in Fig. 3, it may be assumed that, of 
the six mounting elements, the pairs of diagonal elements 
will carry equal loads (Pi + P3’ = Pi’ + Ps = W/3), to 
reduce tilting about a diagonal. It then follows that 
P2+ Po’ = W/3 and Pe= Po’ = W/6. By taking 
moments about the lines 1-1’ and 1’-3’ in Fig. 3, 
and using the fact that P: + Pe + P3 = W/2, the loads 
on the other mountings can be obtained as 


2e—3a+6 _, 


P;’ = Pi = bc 


3a—b 
yo uw 


All the P-values must be positive, as obviously negative 
values would indicate upward forces away from the 
mountings. Since the positions of the mountings are 
arbitrarily chosen, they may have to be shifted until all 
the P-values are positive. To keep the machine level, all 
the static deflections 5 must be equal, so that the mount- 
ings will have different stiffmesses ki = ki’ = Pi/8, 
ke = ke’ = P2/d5, and ks = ks’ = P3/5. To use mount- 
ing elements having the same stiffness k (in the vertical 


P;’ = P3 = 


- 





oe 
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direction), it will then be convenient to choose k equal to 
the smallest of the three stiffnesses required, and to 
group several elements fairly close together (into a cluster, 
if necessary), in order to obtain the two larger stiffness 
values. It may be necessary to vary again the positions of 
the mountings to obtain stiffness values which are 
approximately integral multiples of the lowest stiffness. 

(3) If the centre of gravity is not in a vertical plane 
of symmetry (Fig. 4), and the same vertical deflection is 
required of all supports under static load conditions, 
then, bearing in mind that loads P; + Ps = P2 + Ps, 
the loads on the mountings can be expressed as 


(2a 
\ A 

If mounting elements of constant stiffness k are to be 
used, they can be arranged in clusters, so as to obtain the 
required values ki = Pi/5, ke = Pe2/d, ks P3/5, and 
ka = P,/8 at the supporting positions. 

It will be noted that, in all these examples,the vertical 
mode is uncoupled from the other modes. Static tilting 
is eliminated, since all the static deflections are the same, 
but dynamic tilting can occur in two ways, i.e., as a result 
of vibratory couples produced by the machine, and as a 
result of a constant reaction torque if a shaft torque is 
produced or transmitted by the machine. Vibratory 
tilting can be dealt with by suitable mounting arrange- 
ments, to be discussed later. Steady dynamic tilting, 
which causes a machine to lift up on one side during 
running, can be reduced to some extent by using some- 
what stiffer mountings on the side where the downward 
deflections occur, with buffers, if necessary, to limit the 
upward tilt of this side when the machine is stationary. 
In extreme cases, the machine can be mounted on beams 
placed transversely to the axis of rotation, with resilient 
supports at the beam ends. With transverse beams of 
sufficient length, the forces due to the reaction torque can 
be made sufficiently small to make the corresponding 
tilting negligible. 

The above considerations apply, with suitable 
modifications, to mountings arranged under or around a 
machine, and also above a machine (“pendulum-type” 
suspension). Machines supported on 2, 3, or 4 anti- 
vibration mountings are the easiest to deal with in 
design-stage calculations. Where the number of mount- 
ings must be increased, e.g., because the equipment 
comprises a number of machines on a common bedplate 
which is of much greater length than width, some amount 
of static tilting may become unavoidable during operation 
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Fig. 3. System symmetrical about one 
vertical plane. 





y 


Fig. 4. System with eccentric 
centre of gravity. 





of the machine, even in arrangements with one vertical 
plane of symmetry. In many cases, however, it may be 
unimportant to the user, the main point to be borne in 
mind being that the resultant loads on the mountings, 
taking account of this tilting, must not give rise to values 
of stress or deflection which exceed those specified by the 
mounting manufacturers. 


Mounting Arrangements 


Arrangements of anti-vibration mountings can be 
classified according to various viewpoints, but, for the 
purpose of this survey, have been grouped in accordance 
with their geometry, i.e., parallel arrangements, con- 
vergent arrangements, and other arrangements. These 
mountings can be arranged in a plane passing through 
the centre of gravity of a machine or in a plane below, 
above, or to one side of its centre of gravity. Also, they 
may or may not incorporate pivots and /or levers. 


Parallel Arrangements 


Before surveying the various parallel arrangements 
possible, some consideration should be given to the 
orientation of the mounting elements used. For example, 


> 
$ 





© 


a metal spring or a block of rubber is usually much stiffer 
in compression than when deflected laterally by a bending 
or shearing action. Consequently, if mounting elements 
are to give a very low natural frequency in the vertical 
direction within a confined space, they should preferably 
be arranged to sustain a shearing or flexing action along 
their vertical axis. 





Orientation of mountings for minimum stiffness in specified directions, 








Fig. 6 Parallel mountings 
under a machine. 
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Fig. 7. Parallel mountings in a horizontal plane passing 
through the centre of gravity of a machine. 


Thus, for the design-stage assessment of a mounting 
arrangement, it is desirable to estimate from previous 
experience which type of excitation (vertical, lateral, 
fore-and-aft, yawing, rolling, or pitching) is likely to be 
the most pronounced (or the most objectionable) in the 
machine considered, and hence is the main excitation to 
be isolated, and then to arrange each mounting element 
so that it will preferably be acted upon mainly by shearing 
or flexing action when this excitation occurs. These 
considerations also apply to parallel! mounting arrange- 
ments in a vertical plane (‘‘spider’’ arrangements for 
instruments), radial arrangements, convergent arrange- 
ments, etc. 

Consider the mountings schematically illustrated in 
Fig. 5. Although bonded-rubber elements are shown, 
equivalent mounting elements can be made of metal 
springs or other materials. It is evident from Fig. 5 that 
mountings (a), (b), and (d) have a low stiffness in the 
vertical direction while mountings (a), (c), and (f) have a 
low stiffness in the fore-and-aft direction and mountings 
(b), (c), and (e) have a low stiffness in the transverse 
direction. 

The two basic parallel arrangements are illustrated 
in Figs. 6 and 7. With the arrangement of mountings 

below (or above) the horizontal 
plane passing through the centre of 
gravity (Fig. 6), there are usually 
(with two vertical planes of sym- 
metry) two decoupled modes of 
vibration, i.e., the vertical-displace- 
© ment mode and the rotational mode 
about the vertical axis. With mount- 
ings arranged so that their mid- 
points are in a horizontal plane 
through the centre of gravity (Fig. 
7), all the modes of vibration are 
decoupled, i.e., they can be excited 
independently, although the stiff- 
ness values and distances may be 
chosen so that all modes will occur 
practically at the same frequency. 
Both arrangements are extensively 
used. For very large machines, 
© mountings below or above the 
centre of gravity have been found 
more convenient; for medium and 
small machines, as well as for machines requiring 
maximum isolation, the centre-of-gravity mounting 
arrangement is frequently preferred. 

Examples of parallel mounting arrangements are 
illustrated in Figs. 8 to 10, Fig. 8 showing schematically a 
machine mounted on four ribbed rubber mats (with ribs 
facing the floor). It is evident from the direction of 
these ribs that the mountings are 
softest in the z-direction. Mat 
arrangements of this type are 
frequently used when the machine 
has negligible unbalanced couples 
and requires to be isolated from 
high-frequency vibrations emanat- 
ing from the floor. 

A parallel arrangement witha T- 
shaped inertia mass (usually, a con- 
crete block) under the machine is 
shown in Fig. 9, the springs being 
in a plane passing through the 
centre of gravity G of the com- 
bined system. This centre-of-gravity 
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Fig. 8. Parallel arrangement of a machine mounted on four 
ribbed rubber mats. 
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Fig. 9. Parallel mounting arrangement using a T-shaped inertia 
mass under a machine. 

arrangement gives uncoupled modes of vibrations for 

both translational and rotational modes. 

A parallel mounting arrangement for a power hammer 
is shown schematically in Fig. 10. The anvil is mounted 
on a block of concrete, in which I-beams are embedded, 
two of these (more are used in some cases) being bolted 
at their ends to the upper plates of the mounting 
elements, which may comprise clusters of metal springs 
or other materials. 

In some applications, it is stated that it is an advantage 
to locate the mountings in a parallel arrangement along a 
plane passing through the centres of gravity of the 
individual sections. 

Some of the most frequently required formulae for the 
natural frequencies of parallel arrangements of mountings 


—=| 





TT | 



































Fig. 10. Parallel 
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t for a power hammer. 


will now be given. For a machine supported under its 

four corners, with two vertical planes of symmetry, as in 

Fig. 2, the vertical-displacement frequency fy [cps] is 

: Vky/m 

f y 
ai 2n 

where ky is the total stiffness of the four mountings 

in the vertical direction [Ib/in.], and m is the mass 

of the machine [Ib-sec?/in.]. The frequencies of the 

coupled rotational and translational modes are given by 


fer, 1 
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where L; is the distance between centre-lines of the 
mountings on opposite sides (in the x-direction), and 


an Ee ( EY (2+ oe) 


p-4:(2)* (4) 

ky \ Li m | 

where J; is the mass moment of inertia about the z-axis, 
kz and ky are respectively the total stiffness of the 
mountings in the x-direction (lateral) and the y-direction 
(vertical), and yq is the distance from the centre of 
gravity of the machine and the foundation block to the 
mid-height of the mountings (Fig. 10). These are the 
frequencies for transverse motion coupled with rolling, 
but the frequencies for fore-and-after motion coupled 
with pitching can also be obtained with the above 
equations, replacing J: by Jx (inertia about the transverse 
x- axis), kz by kz (total stiffness of mountings in the 
fore-and-aft z-direction), and Li by Le, where Le is the 
distance between the supports in the z-direction. 

The coupled mode f-; tends towards zero if yq/L: is 
very large. The coupled mode f-;; tends towards infinity 
if kx/ky (or kz/ky) is very high, or if 2yv¢/Li > 1. Both 
coupled frequencies tend towards a minimum when 
kz/ky is very small, but horizontal movements are 
limited by stability considerations, and springs which are 
highly flexible in the transverse directions would require 
the use of buffers. Finally, it may be noted that the 
rotational mode about the vertical z-axis has a frequency 
fg = (1/22) vk*/m, where k* = Li7k,z le*kz is the 
torsional stiffness of the spring arrangement about the 
vertical axis through the centre of gravity G. 

The system in Fig. 9, supported in a horizontal plane 
through its centre of gravity G and symmetrical in two 
vertical planes, has all its modes uncoupled, its frequency 
in the vertical direction being fy = (1/2m) vky/m. The 
frequency of the yawing mode is fg = (1/2n) Vk*/Jy 
[cps]. The frequencies of the uncoupled transverse 
(x-direction) and rolling modes are given by 


f4- [= a(3)— f* 16 i je 
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Ns 
The above equation can also be used for the two fre- 
quencies of the modes of fore-and-aft vibration coupled 
with pitching, if kz is replaced by kz, Jz by Jz, and Li by 
Le. Although uncoupled, these modes can occur either 
separately or together, depending on whether the 
excitation has components in the directions corresponding 
to these modes. Where possible, an endeavour is made 
at the design stage to arrange the system so that fy will be 
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Machine mounted on two long transverse beams, 
supported on anti-vibration mountings. 


the highest of all the natural frequencies considered; 
then, if fy is well below the lowest running speed of the 
machine, good isolation will be obtained. 

A machine mounted on two long transverse beams, 
which serve to reduce lateral tilting due to the reaction 
torque under running conditions, is shown in Fig. 11. 
The frequencies of this system, assuming that the 
machine is extremely rigid in comparison with its support- 
ing arrangements, can be calculated from the equations 
given above. A transverse-beam arrangement of this 
type is used mainly for low-speed machines. The 
vertical frequency f, is made lower than the excitation 
frequency f corresponding to the lowest running speed, 
while f:, fr, and the natural frequencies of the rotational 
modes are chosen so that they will be different from f and 
its first few harmonics. 

It should be noted that, for uncoupled modes, the 
transmissibility (i.e., the ratio of vibration below the 
isolators to vibration above them) is constant in all 
directions along the machine, when the modes are excited 
separately, whereas the transmissibility will vary from 
one point to the next in the case of coupled modes 
(translation and rotation). 
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Fig. 12. pce nang ny type of arrangements, (a) with the body 


nder its base, and (b) with the body supported in a 
plane through its centre of gravity G 


supported u 

With regard to a machine mounted on a supporting 
beam or plate type of structure, if the machine consists of 
parts which are not extremely rigid in comparison with 
the supporting arrangement, the total assembly will form 
a two-mass system. For example, consider an electric 
generator with a rotor of mass mz and a simply supported 
shaft of stiffness kr = 48EI/L% eq (where E is the modulus 
of elasticity, J is the second moment of area of the shaft 
in bending, and Leg is the equivalent length of the shaft, 
referred to the constant /-value). This generator has a 
critical frequency fc = (1/2) Vkr/mrp [cps]. Now, if 
its stator, of mass ms, is supported on a bedplate of mass 
ms mounted on resilient supports with a total vertical 


84 





stiffness ky, it might be expected that the bedplate, stator, 
and supports would have a resonant frequency 
Ss = (1/2) Vky/(ms + me). However, the complete 
assembly acting as a two-mass system will, in fact, have 
two resonant frequencies, which are obtainable from 


(ft,u)? =4[r +e /fe)? + Vir +(fa/fe)*!? —4 fe /fe)* Vc? 
where r = (mp + ms + mp) / (ms + me). 

Another type of parallel mounting arrangement is 
the “parallel-ring” arrangement. All the mounting 
elements are oriented in the same direction and are placed 
at equal distances apart in a circle under or around the 
body of the equipment to be isolated. It is assumed that 
the body is an upright cylinder, or can be regarded as 
having cylindrical symmetry with respect to its vertical 
axis (Fig. 12). Then, if ky is the vertical stiffness of one 
isolator, kg its stiffness in the peripheral direction of the 
circular mounting arrangement, and k;, its stiffness in the 
radial direction, the natural frequencies of the vertical- 
displacement mode and of the yawing mode (“‘torsional”’ 
mode) are given by 
fy = (1/2) V/Nky/m and fg = (1/2n) VNR®kg/Jy 
where N is the number of mounting elements (not less 
than 3) and J, is the mass moment of inertia of the body 
about the vertical y-axis [Ib-in.-sec?]. The frequencies of 
the peripheral-displacement mode coupled with tilting 
(“rolling”) are obtainable from 


(fr, 11)? = (N/A) (kq + kD (C + VD? — E] / Qn)? 
where C (1/m) + (ve? /Jr) + (CR®ky) | (ka + ky)] 
D = (1/m) — (ve?/Jr) — ((R®ky) | (ka + ky) 

and E = 16ye?/ (mJr (kq + kr)] 


where yc is the distance from the centre of gravity G of 
the body to the midpoint of each mounting element 
(Fig. 12), R the radial distance of the mountings from the 
centre of the base circle, and J, the moment of intertia ef 
the body about a horizontal axis through its centre of 
gravity. 

If all the mounting elements are in a horizontal plane 
passing through the centre of gravity G of the body, then 
ye is zero, and all the modes are uncoupled. The 
corresponding frequencies are then /, and fg, as indicated 
above, and the uncoupled peripheral-displacement and 
rolling frequencies fper and froi [cps], which are given by 


Soper = (1/27) V Nika 4 
frou = (1/22) \/ NR*ky/2J; 


Further examples of parallel mounting arrangements 
are shown in Figs. 13 to 16. The system in Fig. 13 
incorporates tensioners to permit height 





kr) / 2m 


threaded 











Fig. 13. Parallel mounting arrangement using pivoted suspen- 
sions rods and helical springs. 
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adjustment, and the springs provide 





elasticity mainly in the vertical direction. 
In the horizontal directions, the system 
behaves as an ordinary compound pen- 
dulum, so that its frequency in these modes 
is determined by the ratio m/L, where L is 
the total length of the suspension elements. 
This pendulum arrangement is considered 
less favourable in some applications than 
the centre-of-gravity arrangement with a 7-block shown 
in Fig. 9, because it does not allow the natural frequencies 
of the various modes to be grouped together as closely 
as thé 7-block system. 
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Fig. 14. Parallel ting arrang t using pairs of springs 
with a damper and buffer-stop. 














Fig. 15. Parallel ting arrang 
“pantograph” linkage. 











Fig. 16. Parallel mounting arr 
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Convergent Arrangements 

As already stated, with parallel mountings all the 
modes are uncoupled only if the mountings are in a 
horizontal plane passing through the centre of gravity. 
With convergent arrangements, however, the modes of 
vibration can be uncoupled when the mounting elements 
are below or above the centre of gravity. 

Fig. 17 shows an arrangement with two banks of 
convergent mountings, of which the axes intersect at 
points on a line above the centre of gravity G of the 
machine, kp, kg, and kr being the stiffnesses of the 
mountings in the principal directions. 

For uncoupled modes, the conditions for four 
mounting elements can be expressed as 

La a —Lx2 
— La — tL = $l + Lis 
More generally, ££: = 0. Also, 
. Site 4 sin 2¢ 


Lz _ sin’e + [kr/(kp — ky)] 


where ¢ is the angle between the axis of the mounting 
and the vertical. 

There are four uncoupled modes, the vertical mode 
fy and the translational mode fz being given by 


fy = (1/22) V N(kr sin’e + kp cos®e)/m 
fr = (1/22) / Nkr cos*e + kp sin®e)/m 


where N is the total number of mountings. 

















The arrangement shown in 
Fig. 14 is used for the mounting 
of equipment requiring passive 
protection (electronic gear, 
cameras, control units, etc.), and 
includes a damper and buffer 
stop D. The “pantograph” 
system in Fig. 15 gives consider- 
able isolation of the vertical-dis- 
placement mode. Theelements 
providing the restoring torque can be bonded-rubber 
bushes R or volute springs, compression pads within 
“paddle-wheel” cylinders, etc., which need not be situated 
at the central pivot points but could just as well be placed 
at the upper or at the lower pivots. The lever ratio a/b 
can have any suitable value. Another linkage arrange- 
ment with springs S is shown in Fig. 16, in which the 
lever ratio a/b and the stiffness of the flexible elements can 
be varied within wide limits. 
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Fig. 17. Arrangement using two 
banks of convergent mountings. 


The yawing mode fg is determined from 
fg = (1/2n) V[hr2(L2)* + kgXL2)*)/Jy 


where J, is the moment of inertia of the machine about 
its vertical axis. 

The rolling mode f, (rotational vibrations about the 
z-axis) is obtained from fy = 


(1/2) V NLa* (kp — kr 1 —(ve/L2)tane}cos*e + kr) /Jz 
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where J; is the moment of inertia about its longitudinal 
z-axis. 

The longitudinal mode and the pitching mode are 
coupled, and the two natural frequencies of the 
corresponding vibrations can be determined from 


(f1,n)? = 
4 (fr? + fr? 4 litre + 4k¢? 





(Zyc)” 
(2n)4 mJz 
where fx? = (1/22)? Nkq/m and 

fp® = [kq L0ve)* + (ka — kr) coste + kr\(EL2)*] /J x 
Usually, kg is much smaller than kp and k;, in which 
case kg can be assumed to be zero in the above equations. 


Frequently, the mountings are designed for an angle ¢ of 
45 deg., simplifying evaluations. 





Fig. 18. Convergent-ring Fig. 19. Geometry of the 
i t convergent-ring mounting 
arrangement shown in 


Fig. 18. 





for equipment with cy- 
lindrical symmetry. 
Fig. 18 shows a convergent-ring arrangement for 
equipment with cylindrical symmetry, the number of 
mounting elements N being not less than 3. The geo- 
metry of such an arrangement is shown in Fig. 19. Then, 
with 
ky = N (kysin’e + kpcos*e) 
N 
and ky 5 tkrcos*e } 


the rotational stiffnesses of the arrangement, about axes 
through G, are: 


kypsin®e + kg), 


N f N 
k,* Hk, k»y* Kk, kq* zrerka, 
ky* = NR*kg, and kz*= kp* + kq* + kr* 
where O'G’ H YG COSE R sine 
and O’G”’ = K R cose — ye sine 


The transverse mode and the rolling mode are 
uncoupled if 


yoe/R = 4 sin 2e/[sin’e + {(kg + kr) /(kp — ky)}] 

The arrangement has four uncoupled frequencies, i.e., 
vertical fy, transverse fx, yawing fg, and rolling /,, 
which can be expressed as follows: 


fy = (l/2n) Vkylm, fe = (1/22 )Vkx/m, 
Se = (1/2n) V ky*/Jy, and ty : (1/27) V k2*/Jr 


where J, is the moment of inertia of the body about its 
vertical axis, and J, = Jz = Jy is the moment of inertia 
of the body about a horizontal axis through its centre of 
gravity. The mounting stiffness kp is usually several 
times greater than k, and kg. 

if the mountings are designed in such a way that their 
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Fig. 20. Hinged-link type of mounting with bonded-rubber 
bush. 


radial and peripheral stiffnesses are equal, i.e., kr = kg, 
then the yawing frequency fg can be made equal to the 
rolling frequency fy, provided that yo/R = 1/y2 

0-707. However, this usually requires space for a 
fairly large base circle. If this space is available, so that 
it is possible to have yc/R = 0-5, as wellask,y = kg, it will 
be found that fg = f, when sin*e is twice as large as 
cos’¢, i.e., when sin’e = $ and cos*e = 4, correspond- 
ing to a value of ¢ of 55 deg. approximately. 

Fig. 20 shows a mounting element of the hinged-link 
type, with a bonded-rubber bush providing stiffnesses k p 
and kg, with ky much greater than kg. Owing, however, 
to the linkage arrangement, the stiffness k, perpendicular 
to the plane of the yoke is virtually zero. It should be 
noted that ky = k;/L, where k; is the torsional stiffness of 
the rubber bush and L is the length of the link element. 
Convergent arrangements with hinged-link type mount- 
ings are used mainly if y¢/R>1 (i.e., if there is not much 
space for the base circle). Provided that the condition 
for uncoupling, as determined from the equation for 
yc/R given previously, is satisfied, the arrangement 
gives four uncoupled frequences for the vertical, trans- 
verse, yawing, and rolling modes, all of which can be 
determined from the previous equations. 


Other Arrangements 


Besides the parallel and convergent arrangements 
considered, various other arrangements are used for 
machines and equipment. Thus, Fig. 21 shows a parallel 




















Fig. 21. Parallel mounting arrangement with links and bonded- 
rubber bushes. 


arrangement with links and bonded-rubber bushes. In 
principle, the bushes 1 and 1’ would be sufficient to 
provide the restoring torque, while the additional bushes 
2 and 2’ prevent any audible chatter at these linkage 
points. It may be noted that bushes | and 1’ are loaded 
in torsion and also sustain radial loads in the directions 
2-1 and 2’-1’, owing to the weight of the machine. The 
arrangements shown in Figs. 15 and 16 have somewhat 
similar features. 

A mounting arrangement with a single plane of 
symmetry is shown in Fig. 22. The calculations for 
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Fig. 22. (left) Mounting arrangement with a single plane of 
symmetry for providing a high degree of lateral! stability. 


Fig. 23. (right) Spring-mounted motor with belt-and-pulley 
drive, incorporating a horizontal tension spring for compen 
sation of belt tension. 


determining its natural frequencies are fairly involved, 
but arrangements of this type are used in some cases 
where a high degree of lateral stability is required for tall 
and heavy machines. 
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Fig. 24. Machine with parallel mountings supported on different 
levels. 




















Fig. 23 shows a motor with a belt-and-pulley drive, 
incorporating a horizontal tension-spring, connected 
between the motor casing on the same end face as the 
drive shaft of the pulley, so as to provide compensation 
for belt tension. Both the belt and the compensating 
spring affect the modes of vibration of the system. 

When the lower part of a machine is not horizontal 
or has to be mounted on a foundation at different levels, 
a parallel mounting arrangement of the type shown in 
Fig. 24 can be used. For simplicity of calculations, this 
system can be regarded as equivalent to a parallel 
arrangement in which all the mountings are at the same 
level ve = \/Ye1 Ye2 below the centre of gravity G of the 
machine. 


YW 


Fig. 25. Radial mounting arrangement, using three springs at 
120 deg., with the vertical spring close to the axis of the centre 
of gravity. 


The radial arrangement shown in Fig. 25 consists of 
three springs at 120 deg., of which two, stressed in com- 
pression and shear, are connected to the sides of the front 
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ly used for mounting instrument:, 


portion of the machine, while the third spring (stressed in 
tension and supporting most of the weight) is arranged 
vertically, just behind the axis of the centre of gravity. 

Fig. 26 shows an arrangement frequently used for 
equipment and instruments. In the general case, the 
centre of gravity G of the body is not in a horizontal 
plane of symmetry, and the mounting elements s; and se 
are arranged so that their axes will intersect in the 
horizontal plane of G at a point O beyond the vertical 
plane through G. If the body is symmetrical, the inter- 
section point O will also be situated in the horizontal 
plane of symmetry, and both mounting elements will 
have the same angle relative to the horizontal. In 
practice, this system can be either of the parallel type or 
of the ring type. The parallel type can have, for 
instance, four mountings, with angles s:Gs2 = 134 deg. 
and s:Ose = 90 deg. The ring type can have three 
mounting elements (one at the top and two at the 
bottom), or up to eight mounting elements, evenly spaced 
at 45-deg. intervals. With ring arrangements, the angles 
usually adopted relative to the horizontal axis are 
s:Gs2 = 134 deg. and s:Os2 = 110 deg. 


Fig. 27. Mounting arrangement 
using a pivoted column and 
four radially disposed springs. 








An arrangement sometimes used for electric motors 
involves mounting the motor casing in ring-type elements 
(e.g., rubber rings bonded at their inner and outer peri- 
pheral surfaces). The rings carry the weight of the motor 
and are subjected to additional torsional deformation in 
resisting its reaction torque, enabling the shaft axis to 
remain fairly stationary in the horizontal plane. In some 
applications, such as in internal combustion engine 
systems, a bonded-rubber ring mounting is sometimes 
used at the position of the output shaft, while two 
vertical shear-type mounting units are placed on both 


87 














sides of the free end of the engine. A variant uses two 
small bonded-rubber bushes with horizontal axes 
(perpendicular to the sides of the engine) at the driving 
end, and vertical shear-type units at the free end. It 
may be noted that, while these arrangements reduce 
vibratory movements at the driving end to small values, 
if the driving end is connected to a shaft of considerable 
length the “conical whirling” motion at some distance 
from the drive may nevertheless be appreciable, so that it 
may be better in such an instance to mount the engine 
and its driven units (e.g., propeller shaft and gearbox) on 
a common supporting structure, which will then be more 
suitable for vibration isolation without involving possible 
conical misalignment effects. 

Fig. 27 shows a radial system which can have very low 
natural frequencies in the horizontal directions by 
suitable choice of the stiffness values of the radial 
springs used and of the distances a and b along the 
vertical column which carries the mass m and which is 
supported by a ball-joint on a mounting element of soft 
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Fig. 28. (left) M ing using three springs and 


a U-shaped member with buffer-stops. 
Fig. 29. (right) Method of supporting a mass in a ‘“‘spider’’ 





Two systems with springs in the vertical plane are 
shown in Figs. 28 and 29. In Fig. 28, the mass m is 
suspended by means of three springs and is mounted on a 
U-shaped member which has fine lateral clearances f 
between its sides and the guiding members of the frame, 
and which is provided with dashpots and buffer-stops B. 
In Fig. 29, the mass m is mounted in a “spider” 
arrangement. 
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A system with a buffer-stop B is also shown in Fig. 30. 
When the system passes through a resonant condition 
(e.g., during starting or stopping of a machine), its 
vibration amplitudes are limited by the action of the 
buffer-stop, which presses against a simply supported 
beam, raising the natural frequency of the system, and 
also giving it a variable stiffness characteristic. 

Another link-and-pivot system is shown in Fig. 31. 
It can have a very low natural frequency in the horizontal 
direction by suitable choice of the values for the lever 


Fig. 31. Link-and-pivot mount- 

ing arrangement, with a low 

natural frequency in the hori- 
zontal! direction. 








ratio a/b. The system includes a spring of stiffness kK and 
a dashpot D. 

Fig. 32 shows a tension-strip type of suspension 
without bearings, as used to mount a spindle and pointer 
for instruments—an application for which it is par- 
ticularly suitable. This type of system is said to be fairly 
insensitive to shocks, since it has no pivots of the usual 


S. 

Before concluding this section, it may be useful to 
review briefly some additional mounting arrangements 
used for pipes and ducts in order to minimize local 
resonances. In this connection, it is an advantage to 
provide, wherever possible, flexible connections for 
pipes used between a vibrating machine and adjacent 
equipment, the flexible portions preferably being situated 
at points of minimum vibration on the machine. 
It is recommended that U-type loops (avoiding S-bends) 
be used, with the branches vibrating in the directions of 
their own axes and not transversely. The transitions 
should preferably be of a type giving a gradual increase 
in stiffness. The loop can be supported on a bottom 
plate, if necessary. Rubber sleeves are generally 
employed for fan intakes, etc., but, where rubber is not 
suitable, sliding or corrugated joints are used. 






POINTER 


Fig. 32. Tension-strip type of pensi for 
instrument spindle and pointer. 








To reduce audible vibration, rubber pads can be 
fitted under trestle-type supports for pipes, and in the 
eyes of leaf-springs. As regards shock reduction, the use 
of “buckling elements” is not always practicable, but an 
improvement can be obtained if the machine is located 
on a comparatively stiff mounting connected to a 
flexibly supported base which is made as large and as 
heavy as possible. 

Finally, as regards excitation by shock loads, consider 
a shock of duration (“pulse length”) ts, which occurs 
periodically with a “recurrence frequency” f;. To avoid 
resonance with either the pulse-length frequency 
(fs = 1/ts) or the pulse-recurrence frequency f;, it is 
advisable to design the mounting arrangement so that it 
will have a natural frequency fnat either below f;, or, if 
this is not possible, so that f; <fnat< fs (avoiding integral 
values for the ratio fnat/f;). 
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GENERAL CLASSIFICATION OF MOUNTINGS 


The action of a mounting made of one type of material, 
e.g., rubber, can also be obtained to some extent with 
other materials, such as steel springs, but a classification 
of mountings based on geometric and kinematic con- 
siderations would probably be too complicated for 
practical purposes. For this reason, the classification 
adopted in this survey is, for simplicity, to categorize 
mountings in terms of three specific types, i.e., pads, 
mats, and carpets of various materials, rubber mountings, 
and metal-spring mountings. As the name implies, pads, 
mats, and carpets consist of materials in sheet or slab 
form, on which the machine either rests loosely, or to 
which it is glued. The other types of mountings are 
specially designed anti-vibration units of varying 
complexity, designed to provide local support. 


Pads, Mats, and Carpets 


A question that frequently must be considered by the 
user is whether his equipment should be set up directly 
on pads, mats, or carpets, or on some arrangement 
comprising a number of individual mountings. The 
primary consideration is obviously whether pads, mats, 
or carpets can be used at all because of limitations in 
load per unit area. If the specific load is not excessive, 
the next considerations will be based on the degree of 
isolation required and the cost, as it should be understood 
that arrangements comprising a number of individual 
mountings can give a better degree of isolation but will 
usually be appreciably more expensive. It should be 
appreciated, however, that the above remarks apply 
only when, as stated, the equipment is set up on the shop 
floor, with the mat or carpet directly interposed between 
it and the floor. If the machine has to be set up directly 
on a concrete foundation block, which rests loosely on 
pads, mats, or carpets at the bottom of a pit, it may well 
be found that other methods of supporting the block in 
the pit, eg., by spring-suspension systems, are 
more economical. 

Various materials can be used for pads, mats, or carpets 
intended for vibration isolation, including fibre-board, 
jute, and fibre-glass, but the commonest are undoubtedly 
cork, felt, and rubber. Of these, cork pads and mats 
usually consist of cork slabs, generally made from cork 
powder compressed under considerable pressure and 
then baked in superheated steam. Alltternatively, the 
particles of cork can be bonded together by a special 
process. The density of the slabs can be varied to 
produce different stiffnesses, the values of which, how- 
ever, are not generally specified to close limits. Cork 
slabs are apt to crumble away under edge pressures, 
which should therefore be avoided. Absorption of water 
or oil can be prevented by suitable coatings, where 
required. Cork compresses gradually with age, but 
otherwise has a good fatigue strength, with a service life 
extending to 20 or 30 years. 

Cork contains minute air cells and, like sponge- 
rubber, can withstand up to 25% compression without 
much lateral expansion. The modulus of elasticity of 
cork slabs varies within certain limits, but a typical value 
is 1600 psi. Thus, for a slab with a thickness L of 2 in., 
required to have a static deflection ys: of 0-1 in., the 
corresponding pressure p on the mat will be p=yxE/L 
=0-1 x 1600/2=80 psi. Thin slabs can be subjected to 
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higher pressures than thick slabs, for which the usual 
permissible limit is around 50 psi, unless high-density 
slabs are used. The cell-type structure of cork provides 
fairly high damping, which is useful in reducing audible 
vibrations in the higher frequencies. On the other hand, 
its comparatively high stiffness, which is non-linear, 
increasing with increased load, makes it less effective at 
low frequencies. 

Cork slabs are normally available in thicknesses 
ranging from 1 to 6 in., a thickness of 2 in. being most 
commonly used. The natural frequencies of vertical 
vibrations of systems mounted on cork are often in the 
range between 600 and 3000 vpm, and can be estimated 
from the equation for frequency f = 188/+/ ys [vpm],?as 
given previously. Also, as already mentioned, vibration 
reduction is normally obtained for excitation frequencies 
which are theoretically at least 1-4 times higher, i.e., 
above 850 vpm in this case. 


CHANNEL A 


t CORKBOARD 








Fig. 33. The use of cork as a flexible support under and along 
the sides of a concrete block on which a is 





Although the slabs of cork are sometimes located 
directly between a machine and the floor, they are more 
usually employed as flexible supports under and along 
the sides of a concrete block on which the machine is 
mounted, as shown in Fig. 33. As previously stated, 
edge effects should be avoided, so that, in an arrangement 
such as that shown in Fig. 33, the cork on the sides of the 
concrete block should not reach up to floor level, and 
the resulting channel can be filled in with some protective 
material, e.g., strips of synthetic rubber, if protection 
against oil and water is required. 

It is also possible to employ a cork isolation system 
designed to enable a concrete foundation block to be cast 





Fig. 34. isolator made of natural cork strips bound together in 
a welded steel frame. 
(Courtesy of Absorbit Ltd.) 
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over it in situ. One example of such a system comprises 
the use of a composite base, usually 2 in. in thickness, 
made up of two specially selected cork materials, i.e., 
(1) isolators consisting of natural cork bound together 
in a welded steel frame (Fig. 34) and impregnated with a 
special preservative, and (2) spacers made of a corkboard 
of selected density for holding the isolators in place. The 
isolators are supplied in pads which are distributed under 
the foundation block in a predetermined arrangement, 
and the spacers, which are of the same thickness as the 
isolators, make up the remainder of the base. The 
complete composite base, which presents a level surface 
for reception of the concrete, is covered with a waterproof 
building paper prior to pouring the concrete, so as to 
prevent percolation of the wet concrete into the cork and 
consequent impairment of its resilience. In addition to 
acting as spacing pieces, the spacers support the dead- 
weight of the concrete while it is drying out, but cannot 
support a live load, which quickly breaks down the 
granules, leaving the isolators standing proud. 

Mats are also made of various types of felts, which 
are fibrous materials, e.g., hair, interlocked by application 
of heat, pressure, and chemical bonding processes. Like 
cork, they are used in compression and have a high 
degree of damping, which is particularly effective at the 
higher frequencies. Felts, which are normally available 
in thicknesses from } to 3 in., also tend to harden 
gradually with age. For hair felt, the modulus of 
elasticity is of the order of 4000 psi, and for other types of 
felts is usually between 700 and 2000 psi. If measured 
values are not available, the above values can be used for 
a first estimation of the deflections obtainable under load, 
with permissible loads in most cases not exceeding 35 psi. 
Up to 300 psi, however, can be allowed for small pads 
with a thickness of less than 4 in. Hair felt has the 
highest load-carrying capacity, but also provides the 


highest stiffnesses, the values of which can be varied by 
making the pads of different densities. 


The natural frequencies of equipment directly 
mounted on felt are usually above 1200 vpm, so that felt 
used in this way is more often employed for reduction 
of the noise due to small and medium-size machines than 
as a flexible mounting material for heavy machines and, 
as in the case of cork, felt is more often employed under 
and along the sides of a concrete foundation block in the 
same way as shown in Fig. 33. 

Like cork, felt pads and mats can be treated with 
special preservatives, e.g., damp-proof coatings, without 
affecting their resilience. Also, felt can be supplied as a 
special built-up material, comprising layers of felt with a 
layer of cork between each layer of felt. An example of 
such a built-up felt, used chiefly for engine foundations, 
etc., is ““Mascolite B.U.”’, one of a range of felts made in 
the U.K. by Mitchells, Ashworth, Stansfield & Co. Ltd. 

In some cases, felt pads have been designed specially 
for direct location between the feet of a machine and the 
floor, an example of such a pad being the “Regalpak”, 
made in England by R. R. Whitehead & Bros. Ltd. 
This pad, which basically consists of a sandwich of felts of 
special consistencies, is intended to reduce vibration and 
noise and, at the same time, to simplfy the anchorage of 
machinery to all types of floors. Thus, if the machine 
has to be anchored to the floor, the pad is merely 
cemented to both the floor and the feet of the machine 
by means of a suitable adhesive. Other British Manu- 
facturers using the same procedure include Cooper & Co. 
(Birmingham) Ltd. (the Croid Cooper method), Long 
Meadow Felt Co. Ltd., and the Bury Felt Mfg. Co. Ltd. 
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Fig. 35. Example of a rubber mat with parallel ribs on both 
faces. 
(Courtesy of Vulcascot (Great Britain) Ltd.) 


Fig. 36. Example of a rubber mat with moulded ribs on one 
face only. 
(Courtesy of Metalastik Ltd.) 


Fig. 37. Example of a rubber mat with studs moulded on both 
faces. 
(Courtesy of Metalastik Ltd.) 


Of various types of rubber pads and mats, those of 
plain solid rubber naturally have the highest load- 
carrying capacity. Because of their high stiffness, they 
are mainly used to isolate high-frequency vibrations. 
Moreover, because solid rubber cannot “flow” except at 
its free periphery, the solid-rubber mats used are mainly 
of comparatively small sizes. Foam or sponge rubbers 
have small air-filled cavities which can be taken up to the 
extent required when the material is under compression. 
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Fig. 38. Example ofa compressiod-stud rubber mat with studs 
moulded on one face only. 
(Courtesy of Metalastik Ltd) 


The load-carrying capacity of natural and synthetic 
sponge rubbers, depending on type, ranges from 2 to 20 
psi, and maximum permissible compressions of up to 
25%, are quoted. Cellular rubber mats, containing large 
internal cavities, can have extremely low values of 
stiffness. Like foam-rubber mats, they are sometimes 
used for supporting such equipment as electronic 
amplifiers, oscilloscopes, etc. 

For larger equipment and industrial machines, ribbed 
or studded mats and pads are often employed. An 
example of a pad with ribs on both faces, arranged at 
right-angles to each other, is the Vulcascot anti-vibration 
pad shown in Fig. 35. The normal load-carrying capacity 
of these pads, which are moulded in neoprene, is about 
50 psi. An example of a ribbed mat with moulded ribs 
on one side only, made by Metalastik, is shown in Fig. 36. 
This mat, which has a load-carrying capacity of about 
35 psi, can be placed directly under a machine or under 
the machine foundations, the ribbed part of the mat 
normally facing downwards. 

The Metalastik studded rubber mat (Fig. 37) com- 
prises a flat rubber mat with circular studs moulded on 
both faces and so spaced that any stud is centrally 
disposed in relation to four studs on the other side. The 
load-carrying capacity of this type of mat is about 5 psi. 
In addition, Metalastik produce a special compression- 
stud rubber mat (Fig. 38), which comprises a flat rubber 
mat with equally spaced circular studs moulded on one 
face, the studs normally being located face downwards. 
These mats are available with load-carrying capacities 
up to about 100 psi. 





Fig. 39. Example of a ribbed pad made of synthetic rubber and 


cork. 
(Courtesy of the Cork Manufecturing Co. Ltd.) 


In some cases, where it is desired to combine the high 
elasticity of rubber with the high damping capacity of 
cork, pads and mats made of a composite of synthetic 
rubber and cork are available. An example of this type, 
illustrated in Fig. 39, is the “‘Neolangite’ anti-vibration 
pad made by the Cork Manufacturing Co. Ltd. 

It will be appreciated that the use of pads or mats may 
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Fig. 40. Special ribbed-rubber anti-vibration pad with metal 
plate and levelling screw. 
(Courtesy of Vulcascot (Great Britain) Ltd.) 


sometimes present difficulties insofar as levelling of the 
machine is concerned, necessitating the use of shims or 
other means to adjust level. To overcome this difficulty, 
special level-mounts have been developed, an example 
being shown in Fig. 40. In this mount, the upper face of 
a ribbed-rubber pad is cemented to a steel plate, on which 
rests a screw, held upright by the foot of the machine. 
Levelling of the machine is easily accomplished by 
adjustment of a nut on the screw. 


Rubber Mountings 


In rubber anti-vibration mountings, the rubber is 
generally used in compression, in shear, or in a combina- 
tion of shear and compression. The moduli of elasticity 
of rubber in tension and in compression and the modulus 
of rigidity or shear have definite values only when the 
stress/strain ratio, i.e., the dynamic modulus, has a 
constant value. Rubber in shear within the normal 
working limits tends to vary only very slightly from this 
condition : however, under compressive deformation, 
definite or constant values cannot be given, because of 
variable deformation or bulging for comparatively small 
strains. When rubber is in tension, such factors as lateral 
contraction, creep, and elastic after-effects must be 
taken into account, so that the relevant test conditions 
must be specified when measurements are made under 
static conditions if consistent values of static modulus of 
elasticity are to be obtained. 

Although rubber is normally considered incompress- 
ible, it has, in fact, a bulk modulus of about 200,000 psi, 
i.e., more or less the same value as water. This very high 
value of bulk modulus is the reason why the volume of a 
block of rubber subjected to compression will be redistri- 
buted so as to take up some of the free space around its 
periphery. Freedom to bulge in this way is therefore an 
essential requirement for rubber mountings. 

When rubber is subjected to vibration, its static 
moduli of elasticity no longer correspond to its vibration 
characteristics, owing to the peculiar molecular structure 
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of rubber. During rapid vibration, rubber appears to 
become stiffer, i.e., the dynamic modulus is greater than 
the corresponding static modulus. Actually, differences 
in the relationship between the static and dynamic 
modulus of rubber depend on its basic characteristics, the 
dynamic modulus generally being from about 1-2 to 3 
times the static modulus, though the ratio can be as high 
as 8 or 9 in the case of some synthetic rubbers. The 
dynamic modulus of rubber varies only slightly over a 
wide range of frequencies, including those commonly 
prevailing in engineering practice. On the other hand, 
the dynamic modulus tends to vary more with temperature 
than the static modulus. 

The hardness of a rubber compound depends on the 
amount of filler used, generally carbon black, while the 
type of filler determines the damping characteristic of the 
rubber for a given value of hardness. The Shore hardness 
of a natural rubber normally employed for anti-vibration 
mountings ranges from about 35 to 70, the corresponding 
static modulus varying between about 50 psi and 230 psi. 
The corresponding values of the dynamic modulus in this 
range are between 65 and 360 psi approximately, and of 
damping, expressed as the loss factor (tan 8) between 
0-04 and about 0-9. 

The shear modulus of rubber can be varied within 
wide limits, usually between 50 and 300 psi. For 
optimum characteristics, natural rubber with a Shore 
hardness of about 55 should be employed, such a rubber 
having a shear modulus of approximately 120 psi. 
Continuous shear stresses do not usually exceed 60 psi, 
limiting the permissible deflection to about 50% strain. 
In harder rubber mixes, lower values apply. The amount 
of compressive load which can be carried may be as high as 
1 tsi under continuous load, but the percentage of deflection 
or strain is the limiting factor in most designs of rubber 
springs. Compressive strain under continuous loading 
conditions should not be more than from 10 to 20%, 
depending on the design of the part concerned, this limit 
on the amount of strain that can be applied being 
governed by the tensile stresses set up on the bulge 
occurring on the free surfaces of the rubber when a 
compressive load is applied. 

The range of operating temperatures for natural 
rubbers used in anti-vibration mountings is approxi- 
mately from —20° to + 50°C but, for less severe loading 
conditions, can often be extended to from —40° to 
+ 70°C. For temperatures higher than about 90°C, 
synthetic rubbers are generally employed, the most 
frequently used of these materials being neoprene. 
Silicone rubbers can withstand temperatures as high 
as 200°C but, because of their comparatively low fatigue 
strength, are mainly used for light loads. 

In the following, details are given of different types of 
rubber mountings which, for convenience, have been 
divided into four groups, i.e., bonded block-type rubber 
mountings; U-shaped and W-shaped bonded-rubber 
mountings; conical, cylindrical, and cup-shaped rubber 
mountings; and bush-type rubber mountings. No 
mention will be made of rubber air-spring suspension 
systems, as these are at present almost exclusively 
concerned in automotive applications, though their 
possible use in other applications is under development 
and appears to be promising. 


Bonded Block-Type Rubber Mountings 


Unbonded flat or cylindrical rubber blocks can be 
used in anti-vibration mountings. Generally, mountings 
of this type are designed in such a way that they have one 
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or more pairs of rubber blocks per mounting, the 
supporting member being located between the upper and 
lower blocks, with ample clearances to avoid any 
physical contact with the holding bolts. Also, there must 
be ample space in such arrangements for the rubber to 
expand or bulge freely under compression. 

In the majority of cases, however, block-type rubber 
mountings are supplied bonded to metal plates, brass 
being used quite extensively for this purpose. The 
strength of the bond can vary considerably, but is 
usually between 500 and 1500 psi. For convenience, 
bonded block-type rubber mountings can be subdivided 
into three main groups, i.e., (1) bobbins, (2) flat or 
angular sandwiches, and (3) annular types. 


Bobbins;s— 


Bobbins in their simplest form usually comprise a 
cylindrical block of rubber bonded at its two end-faces 
to metal plates and provided with studs, as shown in 


Fig. 41. Typical bobbin-type of rubber mounting. 
(Courtesy of Rubber Bonders Ltd.) 








Fig. 41. Bobbins of this type, which are stiffer in 
compression than in shear, are available in a wide range 
of sizes, with load-carrying capacities up to, say, 1000 Ib. 
A typical method of using bobbins for mounting 
instruments is shown in Fig. 42. 


Fig. 42. A typical method 
of using bobbins for moun- 
ting instruments. 


Bobbin mountings of 
various types and configur- 
ations are produced by 
numerous manufacturers, 
e.g., by Metalastik, Silent- 
bloc, Rubber Bonders, 
A.V.A., Spencer Moulton, 
and the Peradin Rubber 
Co., to name a few. Of 
these, some types incorpor- 


ate an intermediate metal 

D> plate to increase their 
stiffness, e.g., the Metalastik 

circular mounting with interleaf, while others are bonded 
at one end only, enabling them to be used either as a 


mounting’ unit or as a buffer. 

















Fig. 43. Conical type of bobbin. 
(Courtesy of B.T.R. Industries Ltd.) 


THE ENGINEERS’ DIGEST 





In addition, conical bobbins, such as that shown in 
Fig. 43, are produced, the taper reducing their stiffness 
in compression, compared with that in shear. Bobbins 
of this type are particularly useful in providing effective 
insulation against unbalanced multi-directional vibratory 
forces, e.g., in small refrigerators, sifting machines, and 
similar equipment. 


Flat or Angular Sandwiches:— 


Three versions of a flat sandwich-type rubber mount- 
ing with L-shaped metal plates bonded to it on both 
sides are shown in Fig. 44. Mountings of this type are 


Fig. 44. Three versions of a flat sandwich-type mounting with L-shaped 


metal plates bonded to it on both sides. 


(Courtesy of J. H. Fenner & Co. Ltd.) 


intended for use in shear. Two other types of flat 
sandwich rubber mountings of rectangular cross-section 
are shown in Fig. 45, these two latter types being 
designed for vertical suspension arrangements, with the 
rubber loaded in shear. It should, however, be noted 


that the type shown on the left of Fig. 45 enables, as a 
result of the corrugations in the plates of the mounting, 


of rec 1 


Fig. 45. Two types of flat sandwich 
cross-section. 
(Courtesy of 8.T.R. industries Ltd.) 





Fig. 44. The ‘‘Cushyfoot” anti-vibration mounting. 
(Courtesy of Metalastik Ltd.) 
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the rubber to sustain the load in compression, as well as 
in shear, making it suitable for sustaining heavier loads. 

Another example of the use of flat rectangular 
sandwich-type mountings is the ““Cushyfoot’”’ mounting 
made by Metalastik. In this type of mounting (Fig. 46), 
two sandwiches are arranged in a Vee formation and 
fitted to adaptor castings, of which the top casting also 
serves as a cover against possible damage to the rubber 
by oil-drip or other effects. This type of mounting has 














Fig. 47. Angular mounting with two sandwiches, 
used for axleb i 





(Courtesy of Metalastik Ltd.) 


the special advantage that the stiffnesses in two per- 
pendicular horizontal directions are in the ratio of 10: 1, 
while the vertical stiffness has a mean value between 
these two extremes. By suitable arrangement of a 
number of these mountings under a piece of equipment, 
it is therefore possible to provide either equal stiffness in 
all horizontal directions or to provide very much higher 
flexibility in one horizontal direction with a high stiffness 
in the other horizontal direction. 

It should be noted that a special version of the ‘““Cushy- 
foot” mounting, designated “Cushyfoot S”, has been 
developed for high-speed diesel engines in locomotives, 
and provides a vertical deflection of 4 in. under a load of 
2500 Ib, with the ability to take shock shunting loads up 
to 5g. Complementary to this mounting is the “Cushy- 
mount’’, also marketed by Metalastik, which is designed 
to provide the high deflections required for the isolation 
of low-frequency vibration from heavy diesel engines 
running at slower speeds. This unit, which is also 
designed to withstand shock loads up to 5g, provides 
deflections up to } in. for loads ranging from 1 to 5 tons. 

A typical angular sandwich-type of mounting is 
shown in Fig. 47. The particular mounting illustrated 
has two rubber “‘chevrons”’, but units of this type can be 
made as single sandwiches or in stacks of two or more 
sandwiches, with various angles to suit particular applica- 
tions. Angular sandwiches of this type are particularly 
useful in axle-box suspensions for all types of locomo- 
tives, carriages, wagons, etc. 


Annular Block-Type Mountings:— 


To supplement their range of normal instrument 
mountings of the bobbin type, Metalastik are also market- 
ing special low-frequency instrument mountings of the 
type shown in Fig. 48, from which it will be seen that the 
unit basically consists of a block of rubber in annular 
form, bonded at the top and bottom to two metal pieces 
carrying studs. These mountings offer high flexibility 
under tangential shear loading, axial shear loading, and 
radial compression loading, as shown schematically in 
Fig. 49. In cases of shock loads, the deflection may be so 
great as to close the central hole completely, thus forming 
a cushion or buffer, while direct tension, although not 
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Fig. 48. Low-frequency anti-vibration 


instr 





ing for 
(Courtesy of Metalastik Ltd.) 
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Fig. 49. Deflection of the Metalastik low-frequency instrument 
mounting (a) under tangential shear loading, (b) under axial 
shear loading, and (c) under radial compression loading. 


advisable for continuous loading, is permissible under 
impact. 

Similar types of low-frequency instrument mounting 
have been developed by Silentbloc, using different 
configurations, a typical example being shown in Fig. 50. 


Fig. 50. Ring-stud type of anti-vibration mounting for 


instruments. 
(Courtesy of Silentbloc Ltd.) 


It should be appreciated that, in all these Silentbloc units, 
the rubber is not bonded to the metal fittings, which are 
locked mechanically to the rubber ring. 


U-Shaped and W-Shaped Bonded-Rubber Mountings 


U-shaped and W-shaped bonded-rubber mountings 
are essentially shear-type units and are designed to have a 
low vertical stiffness. The example of a U-shaped 
mounting in Fig. 51 has rubber elements which are 
obliquely arranged in their unloaded condition. This 
oblique design permits a slight compressive effect to be 
added to the shear in the loaded condition and also 
allows shear to occur mainly as a fluctuating stress, 
instead of as a reversing stress, while the load-carrying 
capacity is increased to some extent by the compressive 
action arising from the applied load. 

In the design of U-shaped mounting illustrated in 
Fig. 52, the rubber elements are located inside the upper 
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U-piece, this arrangement serving to protect the upper 
edges of the rubber. This mounting can readily be fixed 
to machines and foundations, and is available with 
adaptors to accommodate machine supports without 
positive fixings. 


Fig. 51. U-shaped bonded- 
rubber mounting with ob- 
liquely arranged elements. 
(Courtesy of Metalastik Ltd.) 








Fig. 52. U-shaped mounting 
with rubber elements located 
inside the upper U-piece. 
(Courtesy of B.T.R. industries Ltd.) 


Fig. 53. W-shaped mounting 
with four rubber elements 
in parallel. 

(Courtesy of B.T.R. Industries Ltd.) 

Combining high deflection with lateral stability, the 
W-shaped mounting shown in Fig. 53 can be regarded as 
a combination of two U-shaped mountings. Since there 
are four rubber elements in parallel, their vertical 


Fig. 54. Wedge-shaped anti-vibration mounting. 
(Courtesy of Phoenix Rubber Co. Ltd.) 
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stiffness is about four times that of one of these elements 
subjected to a shearing load. These mountings have a 
high load-carrying capacity, making them specially 
suitable for heavy-duty vibration and shock absorption. 

The mounting shown in Fig. 54 is more accurately 
described as a wedge-shaped mounting than a W-shaped 
mounting. This mounting, which was designed in 
Germany by Gesellschaft fiir Technischen Fortschritt 
MBH and is made in the U.K. by the Phoenix Rubber 
Co. Ltd., has considerable rigidity in the downward 
direction, but less rigidity in the upward direction, and 
can therefore isolate vibration and noise effectively and, 
at the same time, keep lateral movement to a minimum. 


‘Conical, Cylindrical, and Cup-Shaped Mountings 


A family of mountings designed by Metalastik and 
designated “‘Metacone” mountings, is distinguished by 
the conical shape of an outer metal sleeve, permitting 
loading of the rubber in shear and compression. Most 
of these mountings incorporate integral rebound 
buffers, while slotted types are available which give two 
different spring rates in the horizontal plane—a useful 
feature in vehicles and motor boats, where flexibility is 
needed in a transverse direction for engine vibration, and 
stiffness in a fore-and-aft direction to restrain engine 
movement. These units can also be supplied as pedestal 
mountings, as shown in Fig. 55, fitted with an adjustable 
levelling nut. If desired, two mountings can be fitted one 
above the other, forming a twin-pedestal type of mount- 
ing, to provide insulation against vibration frequencies 
as low as 10 cps. In this case, the load capacity is the 
same as that of a single unit, i.e., up to 600 lb, but the 
deflection is doubled, i.e., up to 0-36 in., as against 0-18 in. 
for the single unit. 















































Fig. 55. Pedestal-type of ‘“‘Metacone”’ mounting. 
(Courtesy of Metalastik Ltd.) 


In addition to a range of cylindrical mountings, some 
of which are available in pedestal form and designed to 
give resilient support to loads ranging from 4 to 24 tons, 
Silentbloc have produced a range of “Frustacon” 
mountings (Fig. 56), in which a rubber insert is radially 
compressed between an inner sleeve and the conical 
surface of an outer member, and is also extended 
longitudinally, mainly towards the larger end of the cone. 
The area of rubber in contact with the pressure surface 
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Fig. 56. Example of a ‘‘Frustacon” anti-vibration mounting. 
(Courtesy of Silentbioc Ltd.) 


increases with load, maintaining stress at a reasonable 
value, while rebound and similar movements are limited 
by an integral rebound feature at the smaller end of the 
cone. These mountings are available with a wide range 
of load-deflection characteristics and with various types 
of mounting flanges. 

Another conical type of anti-vibration mounting is 
the Spencer Moulton 850-Series cone mounting (Fig. 57), 
in which a continuous bonded-rubber element operating 
in compression and shear provides the large static 
deflections required for low-frequency isolation, com- 
bined with a high load-carrying capacity (up to 850 Ib) 
in a small space. The rubber element is fully protected 
against oil contamination by a pressed-steel cover-plate, 
and the rubber itself is treated with a special oil-resistant 
lacquer. The mounting incorporates a built-in rubber 
overload stop. 
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Fig. 57. Example of a Spencer Moulton 850-series cone mounting 
(Courtesy of George Spencer, Moulten & Co. Ltd.) 


What may be classed as a cylindrical-type mounting 
is the Metalastik B-series unit shown in Fig. 58, which is a 
compact mounting of low height intended for lighter 
machinery and capable of providing effective insulation 
against vibrations with frequencies down to about 
12 cps. As can be seen from Fig. 58, the top of the 
mounting is provided with a friction locating pad, also of 
rubber, while a cover protects the unit from the ingress of 
oil, etc. These mountings are available in four different 
sizes and in four different assemblies, depending on the 
method of installation, the load-carrying range per 
mounting being between 10 and 800 Ib. 

An example of a cup-shaped mounting is the “Barry- 
mount”, which is made in the U.K. by Cementation 
(Muffelite) Ltd. under licence from the American firm of 














Fig. 58. Metalastik B-Series anti-vibration mounting. 
(Courtesy of Metalastik Ltd.) 
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Fig. 59. The “Barrymount”’ anti-vibration mounting with 
levelling adjustment. 
(Courtesy of Cementation (Muffelite) Ltd.) 


Barry Controls Inc. This mounting, an example of 
which is shown in Fig. 59, comprises a neoprene isolating 
core bonded to an outer cup and a bottom baseplate, 
with an intermediate plate for levelling. These mountings 
are available in a wide range of sizes and grades of 
hardness, with load-carrying capacities from about 70 to 
14,000 lb. The smallest mounts in the range were 
developed for use on such equipment as tabulators and 
business machines, but have also been used to some 
extent on small machine tools. The medium-size mounts 
have been extensively applied to lathes, milling machines, 
grinding machines, etc., and also to many special-purpose 
machine tools, while the largest mountings in the range 
have been applied to presses and general metal-forming 
machines, as well as to the heavier types of metal-cutting 
machine tools. 


Fig. 60. The Metalastik Sanaa tane shock mounting. 
(Courtesy of Metalastik Ltd.) 


A special type of conical mounting, basically intended 
as a shock mounting, rather than an anti-vibration mount- 
ing, is the Metalastik buckling-type shock mounting 
shown in Fig. 60. This unit is designed to provide very 
large deflections under comparatively small loads to 
protect delicate equipment in packing cases. To provide 
a combination of compression and bending, the rubber is 
in the form of an inverted flower-pot, 54 in. in height 
but, despite this comparatively low height, a deflection 
of no less than 4 in. can be obtained. Fig. 61 shows load 
in terms of tension, compression, and shear as a function 
of deflection for this type of mounting, and it can be seen 
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Fig. 61. Load on the Metalastik buckling-type shock mounting, 
in terms of ion, compressi n, and shear, as a function of 
son. 

that, under compression, the stiffness at a deflection of 
about 14 in., corresponding to a load of 800 lb, begins to 
drop, and then builds up again until the maximum 
deflection of 4 in. is reached at 1200 lb. This character- 
istic under compression is of advantage in the case of a 
shock mounting, as the energy absorbed is given by the 
area under the curve for compression in Fig. 61 and is 
rather more when partial buckling takes place than it 
would be for the same deflection and maximum load 
conditions with a spring having a linear load-deflection 
curve. 


Bush-Type Rubber Mountings 


In general, bush-type rubber mountings are intended 
for use in assemblies in which there is at least some 
rotational movement, to support radial, torsional, and 
axial loads. Consequently, they can be termed flexible 
bearings, which permit oscillatory movements by the 
deflection of the rubber in shear, thus avoiding the need 
for lubrication. However, there are cases when they can 
be used, loaded axially, as anti-vibration mountings, in 
static installations. 








Fig. 62. Example of a bush- 
type mounting. 
(Courtesy of Silentbloc Ltd.) 














Plain cylindrical bushes, made in a wide variety of 
sizes and configurations, are produced by numerous 
manufacturers, e.g., by A.V.A., Rubber’ Bonders, 
Metalastik, and Silentbloc. A typical example of a 
Silentbloc mounting of this type is illustrated in Fig. 62, 
in which the rubber (precompressed to give optimum 
fatigue life) is bonded to an inner and an outer sleeve, 
the inner sleeve being somewhat longer than the outer 





Fig. 63. Example of a 
double-bush type of 
mounting. 
(Courtesy of Silentbloc Ltd) 
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sleeve, so as to avoid physical contact of the head of the 
bolt and rut with the surrounding rubber. In principle, 
such mountings are articulating joints, their principal 
functions being to eliminate wear, noise, and vibration. 

Double-bush mountings, using three sleeves, are also 
produced by Metalastik and Silentbloc, an example of a 
Silentbloc mounting of this type being shown in Fig. 63, 
in which the innermost sleeve is the longest of the three. 
Mountings of this type provide a series arrangement, 
permitting maximum angles of oscillation and flexibility. 

Bushes can be fitted with rubber rebound pads, 
bonded on one side, when a buffer is required to limit 
axial movements. In addition, bushes made by B.T.R. 
Industries Ltd., with metal-disc buffers in a vertical 
bearing housing, are also available. 

When a heavy vertical load is carried, the rubber of 
the bush tends to flow in the space available between its 
inner and outer sleeves, so that, in the loaded condition, 
there may be less rubber under a centrally located pin 
than above it. To avoid this condition, Metalastik have 
produced bushes, designated ‘‘Metaxentric”’, in which 
the rubber, as shown in Fig. 64, is contoured to facilitate 








Fig. 64. The “M ic”’ ec ic bush. 





(Courtesy of Metalastik Ltd.) 


flow, and in which use is made of an eccentrically 
located inner sleeve and slots are moulded in the rubber. 
These bushes permit much more deflection under radial 
load than concentric bushes and, as such, are particularly 
suitable for use as engine/gearbox mountings and in the 
front eye of rear leaf-springs. When fitted so that the 
greatest thickness of rubber is in compression in the laden 
condition, the slots avoid stressing any part of the bush 
in tension. As fitted in the eye of a leaf-spring, the 
stiffness in the fore-and-aft direction is greater than that 

in the vertical direction, the ratio being about 2:5: 1. 
A somewhat similar principle is employed in bushes 
designed in Germany by Gesellschaft fiir Technischen 
Fortschritt MBH and manufactured in the U.K. by the 
Phoenix Rubber Co. Ltd. These bushes also use an 
eccentrically located inner sleeve, while the rubber is 
' provided with dissimilar apertures. 
These bushes, which are specially 
suitable for stabilizing instrument 
boards and equipment subjected to 
vibration, are so arranged that there 
is little rigidity in the direction of 
vibration, but more rigidity in the 
vertical direction. If the unit 
becomes overloaded, the aperture 
closes, and the excess load is 
transferred to the outer sleeve, thus 

preventing tearing of the rubber. 


Fig. 65. Flanged bush-type mounting. 
(Courtesy of Metalastik Ltd.) 
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Flanged bushes of various configurations are also 
produced by Metalastik, an example of such a bush being 
shown in Fig. 65. Metalastik also produce the design 
shown in Fig. 66, which has two bushes with central 
flanges assembled into a single mounting. The bushes are 
arranged in series on a “‘floating-pin” arrangement, the 
load being applied to the upper flange and transmitted 
through the bushes and pin to the lower flange. Because 
of this floating pin and the free space between the two 
bushes, this mounting has a much greater flexibility 
under transverse or oblique loads caused, for instance, 
by tilting, than a single rubber bush of the same overall 
length. 
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Fig. 66. Bush-type mounting using two flanged bushes arranged 
in series. 
(Courtesy of Metalastik Ltd.) 

















An unorthodox bush-type mounting is the ““Oscillith’”’ 
(Fig. 67), made in the U.K. by A.V.A. Ltd. This bush 
consists of a spiral metal spring moulded and bonded in 
a rubber body in such a way that, when its ends are 
compressed, the load is distributed equally throughout 
the whole mass, forming a series of corrugations between 
the coils of the spring, both on the inside and the outside. 
For oscillating motion, the bush is fitted over a shouldered 
spindle and is then compressed by nuts and washers until 
a non-slipping contact is obtained. These bushes can 
accommodate axial, radial, and angular misalignments 
and, by suitable selection of the quality of rubber used 
and springs of various characteristics, bushes can be 
produced to meet a wide range of flexibilities to suit most 


Fig. 67. Cut-away view of an “‘Oscillith” bush. 
(Courtesy of A.V.A. Ltd.) 
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applications. It should be noted that the “Oscillith’’ 
bush can be used not only for oscillating motion, but also 
as an anti-vibration mounting in compression for engines, 
heavy machinery, etc. 

Mention should also be made of the use of unbonded 
rubber blocks in bush-type mounting arrangements. In 
these units, which are based on the Neidhart principle 
and manufactured in the U.K. by the André Rubber Co. 
Ltd., an inner member acts in the same way as a four-arm 
or six-arm rotor, serving to force a number of cylindrical 
rubber blocks under compression against the surfaces of 
a housing. These mountings are available in various 
sizes and have a high load-carrying capacity, while their 
torsional stiffnesses are comparatively low, owing to 
the fact that, because of the free spaces within the 
housing, the rubber can extend laterally under load. 
Since these units use unbonded rubber blocks, they have, 
unlike bonded rubber blocks, no axial shearing action 
with which to resist forces in their axial direction. For 
this reason, they are preferably employed in systems 
intended to cope with “plane”’ vibrations, i.e., vibrations 
which are mainly in two directions. 


Metal-Spring Anti-Vibration Mountings 


In mountings incorporating metal springs, steel is the 
material most commonly used, though some instrument 
mountings incorporating spring strips or volute springs 
are made of other materials, such as copper or beryllium- 
copper, for special applications. 

Leaf-springs, which usually have fairly high stiffnesses 
and a high load-carrying capacity, also have considerable 
damping, owing to friction between the springs. As they 
provide flexibility only in the direction perpendicular to 
the springs, they are used mainly in systems designed to 
reduce vertical vibrations. 

Where heavy loads are involved, helical springs are 
mainly used in compression, because of the fairly uniform 
distribution of stresses obtained. Tension springs are 
generally employed for moderate loads, although some 
specially designed tension springs are made for heavy 
loadings. 

Cylindrical helical compression springs are chosen on 
the basis of wire and coil diameters to obtain an acceptable 
stress of, say, less than 30 tsi, the number of coils then 
being determined in accordance with the maximum static 
deflection required. Stability, when transverse vibrations 
occur, is ensured if the ratio of the transverse stiffness of 
the spring to its vertical stiffness is not less than 1-2 times 
the ratio of the static deflection to the unloaded spring 
height. Another stability criterion is that the ratio of 
working height to coil diameter should be between 1-0 
and 1-5. Moreover, the spring-surge frequency should be 
as high as possible, as it can be excited by high harmonics 
of very small amplitudes, e.g., the 20th harmonic or even 
higher, so that the use of damping devices, such as 
friction dampers or dashpots, is sometimes required to 
reduce spring surge, in addition to resilient pads for 
reducing any other audible high-frequency vibrations 
which might otherwise be transmitted. To avoid high 
deflections, during starting and stopping, when passing 
through resonances of the complete system comprising 
the machine and its mounting, buffers are also used. 

Tapered helical compression springs permit increased 
deflections to be obtained, and also have a somewhat 
greater lateral stability. Their variable-stiffness action, 
which gives increased stiffness at high loadings, is an 
advantage for “constant-riding”’ quality in automotive 
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systems; in stationary installations, however, the 
primary requirement is a low stiffness under loaded 
conditions. 



































Fig. 68. Typical installation using laminated-spring mountings. 
(Courtesy of Christie & Grey Ltd.) 


Metal springs are not affected to a great extent by 
normal changes in temperature, have a good fatigue life, 
and their stiffnesses under high loadings are in many 
cases comparable with those of mountings using other 
materials. It must be appreciated that there are as yet 
comparatively few types of commercially available 
complete assemblies of metal-spring mountings, as many 
engineering offices still have a tendency to design their 
own spring mountings, particularly in the case of 
mountings using leaf-springs. Like rubber mountings, 
however, metal-spring mountings require specialized 
experience if optimum results are to be obtained. 

In the following, details are given of various types of 
metal-spring mountings. However, sprung-pivot types 
of mountings of the kind used in shock-proof systems for 
high-precision instruments, e.g., watches, are not 
included, as they are outside the scope of this survey. 

As already stated, anti-vibration mountings using 
laminated steel springs are not normally available as unit 
assemblies, but are specially designed for the purpose. 
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and can be installed in the same way, an example of 
such an installation being shown in Fig. 69. Like 
laminated springs, helical springs provide very high 
static deflections and low natural frequencies, but helical 
springs, which have a very low damping coefficient, afford 
greater protection of the foundation block from external 
disturbances. To counteract the disturbing effects of 
unbalanced inertia forces and couples inherent in many 
machines, and shock forces created by their operation, as 
well as to prevent excessive movement of the machine, the 
isolated concrete block must not only be designed to 
have the correct stabilizing mass, but, where necessary, 
additional damping devices, e.g., viscous dampers, may 
have to be fitted. 

A typical example of a helical-spring unit mounting 
is shown in Fig. 70. These mountings, which are 
produced by Christie & Grey Ltd., are available in a 
wide range of sizes, with load-carrying capacities from 
about 10 to 11,000 Ib per mounting, and with static 
deflections up to approximately 2 in. As can be seen in 
Fig. 70, resilient pads of felt are fitted between two pro- 
jections on the base of the mounting, and bridge-pieces 
are secured to the top of the mounting. Pressure on 
©) these resilient pads is varied to obtain the required 
degree of machine-movement control in all directions 
by means of an adjusting screw on top of the mounting. 
The amount of control of longitudinal and transverse 
movement of the machine can be varied to suit particular 
conditions by using a number of these mountings turned 
through 90 deg. on their axis in relation to others in the 
group. The resilient pads fitted beneath the helical 
steel spring and the base of the mounting effectively 
isolate any audible vibration frequencies which may be 
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Fig. 69. Typical installation using specially designed helical 
springs. 
(Courtesy of Christie & Grey Ltd.) 


They are, however, often used for the isolation of concrete 
foundation blocks for such equipment as medium- and 
low-speed diesel engines, a typical example of such an 
installation being shown in Fig. 68. As can be seen, the 
reinforced-concrete block (which, incidentally, must have 
a suitable stabilizing mass) is suspended from the spring 
supports and the load is transferred to these supports by 
suspension bolts and plates from steel 
joists cast in the block. The longitudinal : 2 | 
and transverse stiffnesses of laminated 
springs are high, but the suspension bolts + + 
act as pendulums and provide a suitably pig 
é low horizontal stiffnesses. Because of 

interleaf friction, damping in the vertical 
mode is greater with laminated springs 
than with helical springs, but excessive 
interleaf friction can be overcome by fitting 
polythene or rubber buttons between the 
leaves at the spring ends. 

As in the case of laminated springs, 
helical nrg wer be specially designed Fig. 70. Example of a helical-spring unit mounting. 
for isolating reinforced-concrete blocks, (Courtesy of Christie & Grey Ltd.) 
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transmitted through the  helical-spring assembly. 

A range of helical-spring unit mountings with 
adjusting screw is also produced by Absorbit Ltd. These 
units, which are available in sizes with load-carrying 
capacities from about 160 to 2575 Ib, can be supplied 
with a resilient pad between the spring and the base of the 
mounting, but alternatively some types, such as that 
illustrated in Fig. 71, incorporate a means of damping 
by partial immersion of the helical spring in a viscous 
fluid. In addition, Absorbit produce a range of heavy- 
duty multiple-spring units for direct mounting under 
foundation blocks. These units, which have load-carry- 
ing capacities ranging from 12,000 to 40,000 Ib, are 
particularly useful for mounting all types of forging 
hammers and similar impact machines. 





Fig. 71. An Absorbit oe unit — with provision 
for viscous damping. 
= A of Absorbit Ltd.) 


Various different types of “‘Barrymount”’ helical- 
spring unit mountings are made in the U.K. by Cementa- 
tion (Muffelite) Ltd. under licence from the American 
firm of Barry Controls Inc. Of these, the design shown 
in Fig. 72 is one of a range of damped-spring mountings 
with load-carrying capacities from 250 to 3000 Ib, 
using one, two, or four helical springs of specified 
stiffness. These mountings are mainly intended for the 
isolation of shock and steady-state vibrations of com- 
paratively slow-running equipment, such as compressors, 
generator sets, and fan units, and are capable of isolating 
disturbing frequencies in excess of 6 cps. A feature of 
this type of unit is a method of controlling the damping of 
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Fig. 72. A “Barrymount” damped-spring mountin: 
(Couresty of Cementation (Muffelite) Lid ) 
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excessive vibration amplitudes, using dampers of the 
spring-loaded friction-plate type. In this way, it is 
possible to achieve a working compromise between good 
isolation snd acceptable stability. 

Another example of a “Barrymount”’ helical-spring 
unit mounting is the design shown in Fig. 73. This type 
of mounting, which is mainly intended for the protection 
of electronic and other equipment in aircraft, is available 
in a range of sizes with load-carrying capacities from 
4+ to 9 lb per mounting and is capable of withstanding 
impact shocks up to 15g with a duration of 11 milli- 
seconds. As distinct from the cylindrical helical springs 
so far discussed, it will be seen from Fig. 73 that, in this 
mounting, the spring (1), which is made of stainless steel, 
is of a conical type, so that it possesses a non-linear 
deflection characteristic. As a result, it provides increas- 
ing stiffness with increasing load, so that the resonant 
frequency of the loaded unit is substantially constant 
over a load range of approximately 2 : 1, often permitting 
the use of identical mountings at all corners of the 
equipment to be protected, even though its weight is 
considerably unbalanced. Another feature of this type of 
mounting is the use of a balloon-type air damper (4), 
made of cold-resistant natural or silicone rubber, 
depending on temperature requirements, damping being 
achieved by displacement of air through a small orifice in 
the steel balloon cap (5), to which the balloon is locked 
by a spring-steel clamp (2). For short-duration high-peak 
transients, this air-damping principle is stated to increase 
the resistance of the mounting to bottoming and also to 
improve the absorption and dissipation of the resulting 
oscillations. To act as a buffer against any possible 
extreme excursions, a snubber (3), also made of cold- 
resistant natural or silicone rubber, is fitted. As distinct 
from the unit shown in Fig. 73, in which the conical 
spring is mounted with its narrower end upwards, another 
version of basically similar design, but with the conical 
spring mounted with its narrower end downwards, is 
also available, in this case in a range of load-carrying 
capacities of 44 to 35 lb per mounting. 











Fig. 73. A “‘Barrymount” air-damped spring-type mounting. 
(Courtesy of Cementation (Muffelite) Ltd.) 

All the helical-spring mountings so far discussed are 
designed to be used in compression. An example of a 
multi-spring mounting, in which helical springs are used 
in tension, is the “Equifiex”, made by A. Wells & Co. 
Ltd. Available in different versions for light, medium, 
and heavy duties, with load-carrying capacities from 1 to 
40 Ib, these mountings are of two types, i.e., a standard 
type embodying damping and safety devices for general 
applications, and a special type embodying controlled 
non-linear damping and shock absorption for dealing 
with severe resonance and for cushioning heavy shock 
loads. As can be seen from Fig. 74, the standard type 
consists of a double array of tension springs on the 
surface of two opposed cones, with the apex of each 
connected to a central tubular member and the outer 
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Fig. 74. An “Equiflex”’ standard type mounting, using helical 
springs in tension. 
(Courtesy of A. Wells & Co. Ltd.) 


edges connected to a baseplate. The ends of the springs 
are arranged in such a way that no gap is formed and are 
positioned on steel rings clamped to the baseplate at the 
cone bases and by retainers spaced by the central tube. 
Inside the two opposed cones is a free-moving cage 
surrounding the central tubular member, this cage 
consisting of two sections held apart by an internal 
compression spring and serving to damp the load springs 
at resonance and to maintain amplitude within safe 
limits. Attached to each end of the central member is a 
tempered-steel spring washer, the function of which is to 
take care of overload under shock conditions and which 
is capable of sustaining impact loads up to 25g. 

The special type of “‘Equiflex’’ mounting with con- 








Fig. 75. An “‘Equifiex” special owe of mounting with con- 
trolled damping and s' ion 
(Courtesy of A. Wells & ‘Co. Ltd.) 
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trolled non-linear damping and shock absorption is of 
basically similar design to the standard type, but, as 
shown in Fig. 75, the vibration damper consists of a 
number of compression springs which serve to force 
sintered-bronze buttons against the inner wall of the 
casing. The damping springs extend between the 
casing and a stop-plate on the tubular member and also 
serve to limit axial movement. Attached to each end of 
the central member is a tempered-steel spring buffer and 
a stop-plate. When axial shock loads occur, the buffer 
provides cushioning prior to bottoming on the stop-plate 
and operates at loads up to about 15g, while the stop- 
plate can accept shocks up to 50g. For radial shock 
loads, a solid-type buffer is slidably mounted on the 
central tube and is centralized by the mounting springs. 
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Fig. 76. A sili d “Faireymount” specially 
designed for aircraft cameras normally carried at an oblique 
angle. 
(1) Compression spring. 
(3) Damping piston. 
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(2) Tension springs. 
(4) Damping bush. 


(Courtesy of Fairey Air Surveys Ltd.) 


A range of low-frequency anti-vibration mountings, 
designated “‘Faireymount”, is available from Fairey 
Air Surveys Ltd. These units, which were originally 
developed for the protection of delicate electronic and 
other equipment, such as cameras in aircraft, are 
produced in a wide variety of sizes and types, with 
load-carrying capacities from about 5 to 500 lb and 
capable of dealing with frequencies down to 3 cps, 
amplitudes as high as +4 in., working loads up to 3g, and 
shock loads up to 30g, over a temperature range between 
—70 and +90°C. Some of these mountings utilize 
helical compression springs with friction-type dampers, 
while others are damped by means of a silicone fluid and 
combine the use of a compression spring and tension 
springs, as can be seen in Fig. 76, which shows a mounting 
of this type specially designed for an aircraft camera 
normally carried at an oblique angle, and capable of 
damping out angular vibration which might otherwise 
result in blurring of the image. 

Finally, reference should be made to a mounting, 
originally developed in Italy by Pirelli and now made 


101 














under licence in the U.K. by Metalastik, which, as shown 
in Fig. 77, utilizes a helical compression spring combined 
with a rubber compression sleeve, permitting very high 
deflections under light loads, e.g., 1 in. under a load of 
less than 200 Ib. This unit, designated the “Eligo”’, is 
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Fig. 77. The “Eligo’’ mounting, using a steel helical spring and a 
rubber sleeve. 
(Courtesy of Metalastik Ltd.) 


particularly suitable as an engine mounting and, by 
varying the hardness of the rubber used, the correct 
load-deflection characteristics for most engines can be 
provided. Mountings of this type can also be used in 
road and rail suspensions. 


Conclusion 


In this survey, an attempt has been made to describe 
the major characteristics of anti-vibration mountings 
and to give some idea of their scope and application. 
These mountings have, for convenience, been divided 
into various groups representing different types, but it is 
not claimed that this subdivision is necessarily the most 
logical one, or, for that matter, the most accurate one. 
Indeed, there are some types of anti-vibration mountings 
discussed in this survey which might just as well have been 
included in other groups or, in some cases, in special 
groups of their own. 

It must also be appreciated that, solely for reasons of 
space limitation, this survey is almost exclusively con- 
cerned with British anti-vibration mountings; even so, so 
many different designs are involved, that it has been quite 
impossible to list all the products produced by all makers. 

Finally, it must be stressed that the subject of vibration 
and protection against it is a complex one, and many 
applications give rise to special problems of their own. 
For good reason, therefore, manufacturers, before 
recommending any anti-vibration system utilizing one or 
other types of the mountings they produce, require full 
details of the equipment to be isolated, as well as informa- 
tion regarding any environmental conditions which 
might have a bearing on the problem. It is only by close 
co-operation in this way between the manufacturer and 
prospective user that optimum results can be achieved. 
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Each of these fifteen high-speed grinding mills in the new Belfast 
factory of Associated Feed Manufacturers Ltd is fitted with eight 
BTR Vibro-Insulators. 

BTR Vibro-Insulators are simple, economical and permanent; and 
because they make use of the much greater vibration absorption 
qualities of rubber-in-shear as opposed to rubber-under-compression, 
they are ideal for use not only in static installations but also in ships, 
locomotives, rolling stock, road vehicles—wherever, in fact, vibration 
affects efficiency. 


BTR Industries Ltd 
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HERGA HOUSE, VINCENT SQUARE, LONDON 5&.W.!I 


BIR 


ENGINEERS IN RUBBER 








and shock | 
_ isolation, / 


ff 


BY W. CHRISTIE & GREY LIMITED 


Your problem may be vibration in a building caused by fans or 
compressors or an eighteen ton diesel generator set on the seventh floor. 
Your problem may be plant or machinery which emits more than a 
reasonable degree of vibration causing customer resistance. 

Your problem may be delicate measuring or recording equipment which 
has to be protected from the vibrations of surrounding machinery. 
WHATEVER YOUR PROBLEM consult W. Christie & Grey Limited 
—- vibration engineers who employ ail the principal media for vibration 
and shock isolation including steel springs, rubber, cork, viscous dampers 
and air bellows. There are practically no vibration problems which 
cannot be overcome by the correct application of these media either 
individually or in combination. 


W. CHRISTIE & GREY LIMITED, 4 LLOYDS AVENUE, LONDON, E.C.3. TELEPHONE ROYAL 7371 
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EQUIFLEX 
All-metal Vibration Isolators 


Now finding increasing use in industry is the Equiflex 
all-metal vibration isolator, which incorporates several 
novel features, and, having been primarily introduced to 
meet exacting Service requirements, has been tested and 
approved to Specifications R.R.E. 31614 and R.A.E.- 
RSP. 1548. 

Designed so that they can in many cases replace 
existing rubber and other type mountings, which give 
isolation in one direction only, the Equiflex mountings 
provide isolation in all planes, so that the load can be 
applied in any direction and the deflection of the device 
is substantially the same however the load is applied. 
Two types are available—the Standard type, having 
damping and safety devices for general application, and 
the more recent Controlled type, which embodies 
controlled non-linear damping and shock absorption for 
dealing with severe resonance and cushioning shock 
loads. Thus magnification of output displacement to 
input at resonance is considerably reduced to an average 
low level of 4 to 1, and shocks of up to 50 G can be 
absorbed. Isolation is obtained in any plane and from 
15 c/s upwards. 

Resonance frequency occurs at 15 c/s when mountings 
are used at rated load; this period can be adjusted by 
over- or underloading as required. 

The construction of one of the Equiflex vibration 
isolators and shock absorbers with controlled damping 
can be seen from illustration. The mountings are 
available as square plate or pedestal types in a series of 
Light Duty, Medium Duty and Heavy Duty, covering 
load ratings from 1 to 40 lb. 

It will be seen that the device consists of a double 
array of springs forming two opposed cones, so that the 
apex of each cone is connected to a central tubular member 
and the outer edges are connected to a baseplate. The 
ends of the springs are specially arranged to form no 


Equiflex isolator 


Further particulars obtainable from : 


gap and are positioned on steel rings which are clamped 
to the baseplate at the cone bases and by retainers spaced 
by the central tube. Being of all-metal construction, a 
long life under working conditions is ensured. 

The vibration damper comprises several compression 
springs extending in a direction substantially transverse 
to the axis of the central tubular member. The outer 
ends of each of these springs encircle a sintered bronze 
button which is urged by the springs towards the inner 
wall of the casing. The damping springs extend between 
the casing and a stop plate on the tubular member, which 
also serves to limit axial movement. These transversely 
extending spring-loaded buttons co-act with the casing 
to constitute a highly efficient damper. Lost motion is 
arranged in the vibration member so that it will provide 
damping, becoming fully effective only when the reson- 
ance of the mounting has reached a predetermined value, 
good isolation therefore is maintained at frequencies 
outside resonance period. 

Attached to each end of the central member is a 
tempered spring steel buffer and a stop plate. When 
axial shock loads occur, the function of the buffer is to 
obtain cushioning prior to bottoming on the stop plate. 
This buffer operates at a load up to approximately 15 G 
and the stop plates will accept shocks up to 50 G. For 
radial shock loads, a solid type buffer is slideably 
mounted on the centre tube and centralised by the 
mounting springs. 

Since the Equiflex mounting is of all-metal con- 
struction, the permissible operating temperature range is 
wide and mountings can be subjected to temperatures 
from —60°C. to + 150°C. without affecting performance. 
All the materials and finishes employed will withstand 
tropical and salt-spray tests to Government Specification 
K.114, and highly humid conditions will not affect the 
performance. 





Cross-section of vibration isolator 
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Imagine the reduction in nervous tension amongst your 
employees when you reduce vertical vibration by 80°. Imagine 
the reduction in machine wear, too. Yet an 80% reduction is 
perfectly feasible for many types of machinery with the Croid- 
Cooper method of installation, where the machine is simply 
stuck down on a felt base with a holding power of 5J Ibs to 
the square inch. May we send you details? 


CRYNMAWR, BRECONSHIRE TELEPHONE: 312 
SEELEY’S ROAD, BIRMINGHAM It TELEPHONE: VIC S417 
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MAIDENHEAD 


2000 Ib. thrust low-frequency vibrators 


direct-reading displacement and 
frequency transducers 


low-frequency vibration isolators 
working from 3 cps upwards 
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Isolating vibration with LANGITE 


The vibration problems brought to us vary a good deal: 
often it is necessary to provide a resilient mounting to 
a machine so that its shocks or vibrations are not 
dispersed to cause annoyance of personnel or inter- 
ference with other machines. 





This Churchill Universal Grinding machine is installed 
at Shell Refining Co. Ltd., Shell Haven, and comes in 
another category. The object here is to protect the 
grinder from vibrations arising from other machines 
in the plant, so that its accuracy may be unimpaired. 


The grinder is carefully levelled and set upon a massive 
reinforced concrete block, which in turn is cushioned 
underneath and at the sides on pads of resilient 
Langite 4V. 


The result obtained by these simple means is wholly IMPORTANT USERS 
satisfactory. Langite anti-vibration pads are also 
supplied to: 

Ministry of Supply, 


Ministry of Works, 
ANTI- VIBRA TION PADS OF Air Ministry, Post Office, 
British Railways, London Transport, 
Central Electricity Generating Board, 


E British Broadcasting Corporation, 














London County Council, 
National Coal Board, 
ee U.K. Atomic Energy Authority, etc. 


CORK MANUFACTURING COMPANY LTD 
SOUTH CHINGFORD, LONDON, E.4 


Telephone: Silverthorn 1101 (10 lines) Telegrams: Uselangite, Phone, London 
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EXPERIENCE AND SERVICE 
Technical research and long practical ex- 
perience can produce rubber-to-metal 
bonding of the quality made by Peradin 
Rubber Company Limited 

Engineering components, engine mount- 
ings, anti-vibration parts of all types are 
made to exacting specifications. 


Let our technicians help you in your problems—write to: 


lia 


( Rtn) Peradin Rubber Co.Ltd. 


Freshford, Nr. Bath, Somerset 
Telephone : Limpley Stoke 3263 
One of the P.B. Cow Group 
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LOCTITE SEALANT supersedes all 


conventional methods of locking nuts, 


bolts, studs, set screws, adjusting * 
screws—anything which may vibrate loose. It 
dispenses with lock nuts and other 
mechanical locking devices and methods— 
with outstanding cost savings. Li id L k 


LOCTITE SEALANT, the new liquid plastic, 
penetrates between threads or closely 
fitting metal parts and hardens automatically 
inside the joint to give a permanent 

lock and seal to the joint, superior to any 


removed with ordinary tools. 


mechanical locking devices. LOCTITE 
treated parts can NEVER work loose, yet can be 
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tite for experimental work. 
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Insulate machinery, plant 
and whole buildings 
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Static Frequency Changers for Induction-Heating 


Applications 


IN induction heating, one of the most important factors 
determining overall efficiency is the frequency used in any 
particular application. Other important factors, which 
are themselves functions of frequency, are the electro- 
dynamic forces resulting from induction and the energy 
distribution in the workpiece. 

Mathematical and physical considerations, as well as 
practical investigations, have shown that induction 
heating is an economical proposition only if the mean 
diameter Dm of the workpiece, measured at right-angles 
to the direction of flow of energy, is at least 2 or 3 times the 
electromagnetic depth of penetration 5, which is itself a 
function of the frequency employed. Since the depth of 
penetration 6 is inversely proportional to the square-root 
of the frequency f, the relation between the mean diameter 
Dm of the workpiece and the frequency fcan be expressed 
as 
\/f or f 


where ki is a constant which depends solely on the 
electrical properties of the material of the workpiece. In 
other words, the smaller is the part to be heated, the 
higher must be the frequency selected to achieve adequate 
efficiency. 

The electromagnetic forces p acting on a workpiece 
are directly proportional to the specific input energy ” 
per unit of surface area and inversely proportional to the 
square-root of frequency f, so that 


Dm ky ki? Dm? 


p kon/ y i J 


where ke is another materials constant. With all other 
conditions equal, particularly the specific input energy n, 
the lower is the frequency the greater are the forces 
acting on the workpiece. If induction heating is used for 
melting a metal, these forces produce movement or 
stirring of the molten metal and this stirring is restricted, 
so that the above equation also shows that, for any given 
intensity of stirring, the higher is the applied frequency 
the greater is the specific input energy. 

The bulk of the induction heat is generated within the 
zone determined by the depth of penetration 6. Since 
this depth is a function of frequency /, the concentration 
of energy s per unit volume in this zone under any given 
conditions can be expressed as 


s=kaV/f 


where kz is another materials constant. In other words, the 
higher is the frequency, the greater is the concentration of 
energy per unit volume of the workpiece. Since the rate 
of heating depends on the energy concentration s, it 
follows that the achievement of a rapid temperature 
increase over a limited part of the workpiece requires a 
high frequency, while uniform heating throughout the 
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entire mass of the workpiece requires the use of lower 
frequencies, always depending on workpiece diameter. 
it will therefore be appreciated that, for every practical 
application, there is a theoretical optimum frequency 
range. Asa result, it may become advantageous or even 
essential to have to change the normal mains frequency 
of 50 or 60 cps to some other frequency. 

Up to a few years ago, rotary frequency converters or 
electronic generators were used for this purpose but the 
capital and maintenance costs of such equipment are 
high and their efficiency is not very favourable. Now, 
however, static frequency converters have been intro- 
duced on an industrial scale in the U.S.A., Japan, and 
Germany and have proved successful in operation. At 
their present stage of development, they cover, for 
practical purposes, the frequency range of about 100 to 
300 cps and thus fill an important gap between mains 
frequency and the traditional frequencies of rotary 
frequency changers, i.e., 500 to 10,000 cps. Their field 
of application encompasses those areas where in the past 
the use of either mains frequency or the frequencies 
produced by rotary changers has entailed the acceptance 
of various disadvantages; furthermore, they have 
opened the door to altogether new developments. 

The ranges of application of the various frequencies in 
induction-melting furnaces and the position of static 
frequency changers in the overall picture between 
mains-frequency and medium-frequency applications is 
shown in Fig. 1 for three classes of materials, i.e., 
ferritic and austenitic steels, light metals, and other non- 
ferrous metals. As the intensity of stirring of the molten 
metal is determined by the electrodynamic forces acting 
upon it, the concentration of electrical energy which 
may be used at any given frequency is limited. Fig. 1 
shows these limits of input power for various frequencies, 
i.e., 50 cps, 150 cps, and higher than 150 cps, as a function 
of furnace capacity, the curves being based on data 
derived from practical experience. Within the areas 
bounded by the individual curves, any combination of 
volume and electrical loading can be adopted to serve 
as a basis for design; thus, the diagrams indicate the 
acceptable frequency for the three classes of materials 
mentioned. In practice, it will probably always be 
advantageous to choose the lowest possible frequency 
within the given range, so as to minimize the expense of 
frequency changing. Since the minimum capacity of a 
furnace depends on the induction frequency used, the 
boundary curves are not drawn beyond this point. The 
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Static Frequency Changers for Induction-Heating 
Applications 


IN induction heating, one of the most important factors 
determining overall efficiency is the frequency used in any 
particular application. Other important factors, which 
are themselves functions of frequency, are the electro- 
dynamic forces resulting from induction and the energy 
distribution in the workpiece. 

Mathematical and physical considerations, as well as 
practical investigations, have shown that induction 
heating is an economical proposition only if the mean 
diameter Dm of the workpiece, measured at right-angles 
to the direction of flow of energy, is at least 2 or 3 times the 
electromagnetic depth of penetration 5, which is itself a 
function of the frequency employed. Since the depth of 
penetration 6 is inversely proportional to the square-root 
of the frequency /, the relation between the mean diameter 
Dm of the workpiece and the frequency fcan be expressed 
as 

Dm ZzkilVf or f= ki?/Dm? 


where ki is a constant which depends solely on the 
electrical properties of the material of the workpiece. In 
other words, the smaller is the part to be heated, the 
higher must be the frequency selected to achieve adequate 
efficiency. 

The electromagnetic forces p acting on a workpiece 
are directly proportional to the specific input energy n 
per unit of surface area and inversely proportional to the 
square-root of frequency f, so that 


p = kan/ vf 

where ke is another materials constant. With all other 
conditions equal, particularly the specific input energy n, 
the lower is the frequency the greater are the forces 
acting on the workpiece. If induction heating is used for 
melting a metal, these forces produce movement or 
stirring of the molten metal and this stirring is restricted, 
so that the above equation also shows that, for any given 
intensity of stirring, the higher is the applied frequency 
the greater is the specific input energy. 

The bulk of the induction heat is generated within the 
zone determined by the depth of penetration 5. Since 
this depth is a function of frequency f, the concentration 
of energy s per unit volume in this zone under any given 
conditions can be expressed as 


s=ksvf 
where kg is another materials constant. In other words, the 
higher is the frequency, the greater is the concentration of 
energy per unit volume of the workpiece. Since the rate 
of heating depends on the energy concentration s, it 
follows that the achievement of a rapid temperature 
increase over a limited part of the workpiece requires a 
high frequency, while uniform heating throughout the 
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entire mass of the workpiece requires the use of lower 
frequencies, always depending on workpiece diameter. 
It will therefore be appreciated that, for every practical 
application, there is a theoretical optimum frequency 
range. Asa result, it may become advantageous or even 
essential to have to change the normal mains frequency 
of 50 or 60 cps to some other frequency. 

Up to a few years ago, rotary frequency converters or 
electronic generators were used for this purpose but the 
capital and maintenance costs of such equipment are 
high and their efficiency is not very favourable. Now, 
however, static frequency converters have been intro- 
duced on an industrial scale in the U.S.A., Japan, and 
Germany and have proved successful in operation. At 
their present stage of development, they cover, for 
practical purposes, the frequency range of about 100 to 
300 cps and thus fill an important gap between mains 
frequency and the traditional frequencies of rotary 
frequency changers, i.e., 500 to 10,000 cps. Their field 
of application encompasses those areas where in the past 
the use of either mains frequency or the frequencies 
produced by rotary changers has entailed the acceptance 
of various disadvantages; furthermore, they have 
opened the door to altogether new developments. 

The ranges of application of the various frequencies in 
induction-melting furnaces and the position of static 
frequency changers in the overall picture between 
mains-frequency and medium-frequency applications is 
shown in Fig. 1 for three classes of materials, i.e., 
ferritic and austenitic steels, light metals, and other non- 
ferrous metals. As the intensity of stirring of the molten 
metal is determined by the electrodynamic forces acting 
upon it, the concentration of electrical energy which 
may be used at any given frequency is limited. Fig. 1 
shows these limits of input power for various frequencies, 
i.e., 50 cps, 150 cps, and higher than 150 cps, as a function 
of furnace capacity, the curves being based on data 
derived from practical experience. Within the areas 
bounded by the individual curves, any combination of 
volume and electrical loading can be adopted to serve 
as a basis for design; thus, the diagrams indicate the 
acceptable frequency for the three classes of materials 
mentioned. In practice, it will probably always be 
advantageous to choose the lowest possible frequency 
within the given range, so as to minimize the expense of 
frequency changing. Since the minimum capacity of a 
furnace depends on the induction frequency used, the 
boundary curves are not drawn beyond this point. The 
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Fig. 1. Range of applicability of three different frequencies for induction-melting furnaces, in terms of input power and furnace 
capacity, (a) for ferritic and austenitic steels, (b) for light metals, and (c) for other non-ferrous metals. 





close cross-hatching below the curves at the lower end 
indicates the area for which the data are not accurately 
defined. It can be seen that the introduction of the 
frequencies obtainable with static converters has 
resulted in a reduction of the minimum acceptable 
charge of the furnace. 

Fig. 2 hows the corresponding areas of applicability 
of these three frequency bands in the case of the induction 
heating of items such as bolts. In this application, as 
distinct from induction melting, the electrodynamic 
forces are of minor importance, the main objective being 
a large energy input at high efficiency and a uniform 
temperature throughout the workpiece by the end of the 
heating cycle. The ratio of the diameter of the part to 
the depth of penetration should not be less than 2 and not 
more than 8. The upper limit is not critical, but the more 
it is exceeded, the less favourable are the conditions 
conducive to optimum efficiency. Because of the 
interdependence of frequency and depth of penetration, 
it is possible to arrive at a relationship between frequency 
and part diameter. Since the electrical properties of the 
material are affected by the required temperature, the 
latter in turn also influences the choice of the most 
suitable frequency. Fig. 2 therefore shows the fields of 
application of the different frequencies considered, not 
only as functions of part diameter, but also of tempera- 
ture, the areas where these are not sharply defined being 
indicated by cross-hatching. The corresponding curves 
for 250 and 300 cps will be dealt with in another article. 


Principle and Circuits of Static Frequency 
Changers 


The basic principle of producing higher frequencies 
by means of highly saturated magnetic cores has been 
known for many years. Although it can easily be 
explained in general terms, accurate calculation on a 
theoretical basis is complex, and data for the design of 
larger frequency multipliers such as those required for 
induction heating could hardly be obtained without 
practical experiments. It is therefore not surprising 
that, although static frequency changers up to about 
200-kW capacity had actually been put into operation as 
little as two years ago, there were still doubts at that time 
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as to whether this type of frequency changer was really a 
practicable proposition for larger capacities. For some 
time at least, this attitude was perhaps justified, inasmuch 
as conventional transformer sheet was used, and this 
material did not permit a sufficiently high efficiency to be 
obtained. However, better results were achieved with 
low-loss, grain-oriented sheet with a nearly rectangular 
magnetization curve, and the first static frequency changer 
for 150 cps, with a capacity of 260 kW, was put into 
operation about two years ago in connection with a steel 
melting furnace of 400 kg capacity. The results obtained 
with this unit were satisfactory and led to the construction 
of further installations, the largest so far attempted 
having a capacity 1000 kW at 150 cps. 

Frequency multiplication by means of highly 
saturated iron cores of simplified design can be based 
either on the principle of the transformer or on the 
converter principle. Both circuits have advantages and 
disadvantages, and the choice largely depends on the 
specific requirements in each case. Fig. 3 shows the 
basic circuits for trebling the frequency with static 
frequency changers, the transformer principle being 
employed in circuits a and 6, in which the primary 
windings of the three individual single-phase trans- 
formers are star-connected, but the star point is not 
connected to the mains neutral. The purpose of the 
highly magnetized cores is to produce a high proportion 
of harmonics in the primary current, but, since the 
primary windings are star-connected, this current will be 
free from the third harmonic and of all harmonics which 
are a multiple of three. On the other hand, as the 
harmonics are suppressed in the primary current, they 
appear in the magnetic flux and consequently in the 
induced phase voltages of the three secondary windings. 
If these windings are connected in an open delta, the 
basic harmonic and its uneven-numbered multiples cancel 
each other out, with the exception of those whose order 
number is a multiple of three, these reinforcing each other 
as their relative phase shift is zero. As the third harmonic 
is by far the most predominant, these circuits provide a 
single-phase supply of treble the original frequency. 
The provision of a capacitor on the primary side com- 
pensates the reactive current and acts as a short-circuit 
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Fig. 3. Circuits for trebling the frequency 
with static frequency changers, (a) on the 
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for the higher harmonics created by and necessary for the 
functioning of the converter. This effect is enhanced by 
means of low-saturation reactors, which prevent the 
equipment from exerting any unfavourable effects on the 
mains supply. Arrangements c and d show the corres- 
ponding circuit diagrams for operation on the converter 
principle. 








principle with d.c. pre-magnetization, (c) on 
the converter principle, and (d) on the con- 
verter principle with d.c. pre-magnetization. 








(1) Reactors. 

(3) Highly saturated 
magnetic cores. 

(5) D.C. circuit for pre-magnetization. 


(2) Capacitors. 
(4) Load. 


the series-connected secondary windings 
the basic frequency and the third 
harmonic are cancelled, whilst the fifth 
harmonic and its uneven-numbered 
multiples remain. In this way, a source 
of voltage of five times the original 
frequency, i.e. 250 cps is obtained. 

Assessment of the suitability of static frequency 
changers for induction-heating purposes and their 
comparison with other methods of frequency conversion 
can conveniently be based on such aspects as utilization 
factor and expenditure on capacitors, efficiency, flexibility 
of regulation, connection to mains, and maintenance and 
reliability. 








Theoretically, it is possible to connect ~50 





~ 50 
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as to obtain a frequency nine times that 
of the original supply. The overall 
efficiency of such an arrangement is, 14 
however, low and the capital cost con- 

siderable, making it hardly suitable for 2 
use with induction-heating plant. In 

contrast, the two circuits shown in 


Fig. 4. Circuits for static frequency multi- 

plication, (a) for doubling atrebled frequency, 

and (b) for multiplying the mains frequency 
by a factor of 5. 4 = 


(1) Reactors. (2) Power-factor compensation. 

(3) Frequency trebler (50/150 cps). 

(4) Frequency doubler (150/300 cps). 

(5) Load. (6) Frequency-multiplier 
transformer (50/250 cps.) 


Fig. 4 have given satisfactory performance} in model 
experiments and might be suitable for static fre- 
quency conversion. Fig. 4a shows how a trebled 
frequency can be doubled by using two d.c. pre- 
magnetized transformers whose primary windings are so 
connected that one of the transformers is active during 
the positive half-wave and the other during the negative 
half-wave. Accordingly, voltages are induced in the 
two secondary windings during the positive and negative 
half-waves; by virtue of these two windings being 
connected in series, the induced voltages complement 
each other to produce a frequency which is twice that of 
the trebled mains frequency, i.e., 300 cps. 

Fig. 4b shows a circuit for multiplying the mains 
frequency by a factor of 5, by means of five converter 
transformers. The primary windings are connected to 
the 3-phase system and to each other in such a way that 
the combined voltage vectors for the basic harmonic of 
the five transformers form a regular pentagon and the 
sum total of the vectors is zero, the corresponding phase 
angles being 72 deg. If the primary windings are 
connected to the 3-phase mains in this way, no third or 
fifth harmonics can occur in the magnetizing current. In 
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The term utilization factor denotes a comparison of 
the amounts of material used in a frequency changer and 
a conventional transformer of equal capacity. Thus, a 
utilization factor of, say, 0-5 indicates that the frequency 
changer in question requires twice the amount of material 
used in a conventional transformer of equal capacity. 
This factor, as also the cost of the capacitor installation 
and the overall efficiency, depends on the characteristics 
of the transformer sheet used, the circuit arrangement 
employed, and the design of the transformer. In all the 
circuit arrangements shown in this article, the utilization 
factor and efficiency can be improved by over-compensat- 
ing the power factor of the equipment used and, in 
Figs. 3 and 4, compensation is obtained by the capacitors 
shown in series with the load. Compensation of the 
inductance of the secondary winding of the converter 
produces a voltage rise at the terminals, with a consequent 
increase in power output. Since this type of frequency 
changer is still in the development stage, it may be said, 
purely as a general indication, that the utilization factor 
as defined is between 0-5 and 0-8 for the circuits shown, 
while the capacitance required for compensating the 
(Concluded on page 126) 
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Methods of Producing Stable Transistors 


By J. J. A. PLoOS VAN AMSTEL 


From Philips Technical Review, The Netherlands, 
Vol. 22, No. 6, 1960/61, 
pp. 204-214, 17 illustrations. 


THEORETICAL considerations show that the operation of 
junction transistors is governed by the dimensions and 
the material properties of the constituent layers, i.e., of 
the emitter, base, and collector, and there is no reason to 
assume that these dimensions and properties alter in 
normal operation. At places where the p-n junctions 
reach the surface there must, of course, be no surface 
layer that might give rise to an undesired conductive 
path between the p and n regions. In the fabrication of 
transistors, cleaning the surface by etching is therefore 
one of the routine operations. 

Optimistic expectations regarding the stability of 
transistors have not been borne out, as it is now known 
that, despite etching, the state of the germanium surface 
has a very pronounced influence on the properties of the 
transistor. In many laboratories, the surface of ger- 
manium and of semiconductor surface phenomena in 
general have consequently been the subject of much 
experimental and theoretical research. One of the aims 
pursued has been to find methods of achieving surface 
conditions that would result in good transistors and 
moreover ensure a high degree of stability, and this 
article describes some results of investigations under- 
taken along these lines at the Philips Research Labora- 
tories in connection with low-frequency, low-power 
n-p-n and p-n-p germanium transistors made by the 
alloying method. 

The marked influence which the surface has on the 
operation of a transistor is accounted for by assuming 
that holes and electrons recombine at the surface to an 
extent that depends strongly on the state of the surface. 
In fact, however, holes disappear in the base by recom- 
bining with electrons, and are thus lost to the collector 
current. This base loss is one of the two reasons why the 
ratio of the collector current to the emitter current, 
i.e., the current amplification factor «, is less than unity, 
the second reason being the emitter loss. It has been 
found that the base loss in transistors of the alloy type 
may largely be due to recombination at the surface. 
Changes in the velocity of recombination at the surface 
therefore have a considerable effect on the base loss and 
hence on the behaviour of the transistor. 

To make a stable transistor, it would be a great help 
if the surface could be treated in such a way as to make 
the surface recombination velocity insensitive to 
extraneous influences. It is known that enclosure of a 
transistor in a hermetically sealed container is not in 
itself sufficient for this purpose, and this article therefore 
shows how it is possible to reach the same objective by 
providing the transistor with a suitable ambient atmos- 
phere. Thus, there are certain substances which not only 
reduce surface recombination velocity to an acceptable 
value, but also keep it constant over a long period of 
operation, provided that they are properly applied, two 
outstanding examples of these substances being water 
and arsenic. 

A sensitive indication of the base loss, and hence of 
the surface recombination velocity, is the ratio «’ of the 
collector current to the base current. Between «’ and 
the ratio « of collector current to emitter current already 
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mentioned, there exists the well-known relationship 
a’ = «/ (1—«), which follows directly from the fact that 
the sum of the emitter, base, and collector currents is 
zero, provided that these currents are counted positive 
when directed towards the transistor. Since the value of 
a is not much smaller than unity—at least in a serviceable 
transistor—the value of «’ undergoes greater changes 
than «. For the purpose of judging the surface effects of 
the various measures adopted, the value of «’ is therefore 
always measured. 


Stabilizing with Water 


It is known that surface recombination velocity 
depends on the surface occupation by water molecules. 
When the surface is completely dry, the surface recombi- 
nation velocity is high, and the value of «’ is corres- 
pondingly low. As the water occupation increases, the 
surface recombination velocity decreases and the value of 
x’ rises. The changes in «’ observed in transistors are 
therefore certainly to a considerable extent attributable 
to changes in the water occupation of the surface. Even 
in hermetically encapsulated transistors, the surface water 
will almost certainly be affected by, for example, 
temperature variations. The migration of the water may 
be so slow that it is not always reasonable to expect to 
find the same value of «’ at the same temperature. Slow 
reactions involving water may also play a part. 

The most obvious method of eliminating this un- 
desired influence is to make sure that there is no water at 
all inside the transistor envelope. This is a method that 
is, in fact, used, but it has the drawback of resulting in a 
low value of «’. It appears that the presence of only a 
minute trace of water is sufficient to make «’ unstable. 
Nevertheless, it should be noted that, as already men- 
tioned, the surface recombination velocity decreases 
when surface water decreases, and, at constant tempera- 
ture, a state of equilibrium will be reached inside the 
transistor envelope between the surface water and the 
water-vapour pressure; in fact, the greater is the vapour 
pressure, the more densely will the surface be occupied 
by water molecules, and hence the greater will be the 
value of «’. The water-vapour pressure must not, 
however, be unduly high, for, if the surface is too wet, 
disturbances are caused by superficial ionic currents. It 
is known that a high surface water content reduces the 
sensitivity of the surface recombination velocity to 
fluctuations in water content. Consequently, it may be 
expected that, under conditions of constant temperature, 
a curve of «’ plotted as a function of vapour pressure will 
tend to flatten out gradually, and this tendency will be 
enhanced by the fact that recombination near the surface 
gradually loses its importance in relation to the other 
factors governing «’, i.e., recombination inside the base 
and the emitter loss. In general, a favourable surface 
water occupation is found in air at room temperature 
with a relative humidity in the region of 60°, the value 
of «’ then being high and little dependent on fluctuations 
in water-vapour pressure. 

It follows from the above considerations that a stable 
transistor can be obtained by introducing inside the 
encapsulating envelope a “stabilizer,” i.e., a substance 
which fixes the water-vapour pressure at a favourable 
value and thus acts in this respect as a buffer. This, then, 
is the basis of the method developed by Philips in an 
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attempt to create conditions inside the transistor envelope 
such as to give the surface of the transistor a water 
occupation that will ensure a high value of a’, and at the 
same time remain constant with time and temperature. 

The stabilizer must ensure a favourable water-vapour 
pressure at all temperatures which the transistor is 
likely to reach in normal operation. If the temperature 
rises, the water-vapour pressure will have to increase in 
such a way that the existing surface water occupation is 
maintained. In a graph of temperature as a function of 
water-vapour pressure there will be a region of favourable 
combinations of temperature and pressure, and the 
water-vapour pressure of the stabilizer as a function of 
temperature must lie within this region over the entire 
temperature range of interest for the transistor concerned. 
Since, in principle, the surface occupation by water is 
kept constant under all conditions, inertia effects due to 
changes in surface water no longer occur. 

Numerous experiments have been carried out to find 
suitable buffers for keeping the water-vapour pressure at 
a favourable value at any working temperature. A 
silicone grease which has absorbed some moisture as a 
result of exposure to, for instance, air with a relative 
humidity of 30° for 24 hr performs this function 
reasonably well. It should be noted that transistors with 
a filling of dry silicone grease exhibit low values of «’ 
immediately after seal-off, and these values drop appreci- 
ably in a few weeks. On the other hand, with a moist 
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Fig. 1. Typical examples of the behaviour of the value of «’ with 

(a) p-n-p transistors, and (b) n-p-n transistors, formed at 140°C 

and using a buffer of silicone grease with 5°., boracic acid, under 
conditions of continuous loading at 50 mW. 
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Fig. 2. Typical examples of the behaviour of the value of «’ in 
storage tests at 100°C with (a) p-n-p transistors, and (b) n-p-n 
transistors, formed in the same way as those in Fig. 1. 


silicone grease, the values of «’ are much higher and, 
what is more, remain fairly constant. 

Numerous experiments were also carried out with 
transistors whose envelopes contained, in addition to a 
silicone grease, various substances, introduced separately 
or mixed with the grease, as water-vapour buffers, 
examples of such additives being boracic acid (H3BOs), 
BaCle, KeSO4: NiSOq, and KeSO4-Ale (SO4)s. In addition, 
tests were performed with transistors containing, instead 
of a silicone grease, slighly moistened sand or silica 
gel, both of which serve the dual purpose of a filler and 
buffer. Both these materials confirmed the hypothesis 
that the behaviour of the transistor is governed mainly 
by the moisture inside the enclosure, and not by the silicone 
grease or the combination of water and silicone grease. 

As a result of these experiments, it has been established 
that reasonably stable transistors can be made with the 
aid of a water-vapour buffer. After prolonged tests 
lasting some thousands of operating hours, however, the 
value of «’ usually begins to fall, but this drawback can 
fortunately be overcome by slightly modifying the stabiliz- 
ing method, a buffer being used which, at room tempera- 
ture, gives such a low water-vapour pressure that the 
surface water remains substantially below the region of 
favourable values. A transistor provided with sucha 
buffer therefore has a low value of «’ until it has been 
subjected to a special treatment consisting of baking the 
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Fig. 3. Typical examples of the behaviour of the value of «’ with 
transistors formed with arsenic, (a) under operating conditions 
at 50 mW, and (b) under conditions of storage at 140°C. 
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transistor at 140°C for several days. During the baking 
process something of the nature of surface “‘forming” 
takes place. 

For stabilizing transistors by forming their surface in 
this way, successful results have been achieved with 
buffer fillings consisting of a silicone grease with a small 
amount, e.g., 5°% by weight, of boracic acid, from which 
water is expelled to the required degree by drying. If 
the encapsulated transistors are formed by heating them 
for three days at 140°C, stable transistors, possessing 
favourable properties in every respect, are produced. 
Typical examples of the behaviour of the value of «’ in 
life tests on p-n-p and n-p-n transistors, stabilized by 
surface forming at 140°C, using a buffer of a silicone 
grease with 5°% of preheated boracic acid, are shown in 
Figs. 1 and 2. The results in Fig. 1 show the stability of 
the value of «’, measured at room temperature under 
conditions of continuous loading at 50 mW (SmA, 10V), 
with a crystal temperature of 85°C. Fig. 2 shows the 
corresponding values of «’, also measured at room tem- 
perature, for typical transistors formed in the same 
way, under conditions of storage at 100°C. 

It is particularly important to extend the forming 
process over a sufficiently long period. Thus, immedi- 
ately after encapsulation, the value of «’ is low. After 
heating to 140°C for one day, its value increases consider- 
ably, but there is again a sharp drop after storing the 
transistor for one day at room temperature. However, 
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after prolonged heating at 140°C (in this case, for six 
days), the improvement achieved is not lost again. 
Nevertheless, it should be noted that forming should not 
be excessively prolonged; otherwise, the value of «’ 
begins to fall once more. The lower is the vapour- 
pressure curve of the buffer, the longer is the period 
required for forming, or the higher must be the forming 
temperature. In practice, the mixture of silicone grease 
and boracic acid is selected to limit the forming process 
to a few days of heating at 140°C. A higher temperature 
is undesirable, since the indium in the collector and 
emitter melts at about 155°C. 

It is likely that, during the forming process (and 
perhaps afterwards), the silicone grease, in combination 
with the boracic acid, has its own advantageous effect. 
At the forming temperature there may well be reactions 
between the grease and the boron compounds which 
favourably influence the characteristics of the transistor. 
However, that water vapour plays the major role in the 
forming process appears from the fact that transistors 
with very low values of «’ are obtained when a drying 
agent, e.g., barium oxide, is added inside the envelope. 

The method of stabilization by forming the surface 
in a mixture of silicone grease and boracic acid not only 
produces high and stable values of «’, but also benefits 
other important transistor characteristics. For example, 
the saturation leakage currents at the p-n junctions are 
small and do not drift, in contrast with the leakage 
currents in many commonly used transistors, which may 
gradually assume appreciable values, particularly if the 
temperature of the transistor is relatively high (e.g., 60°C). 
Furthermore, the noise level, which is often correlated 
with the leakage currents, is also favourable in formed 
transistors. In fact, the noise values found are just about 
the lowest yet measured on transistors. In the case of 
p-n-p transistors, the breakdown potentials of the two 
p-n junctions after forming are generally 20 to 30°% lower 
than before. The breakdown potentials in n-p-n transis- 
tors are not significantly affected. 


Stabilizing with Arsenic 


At first sight, there would seem to be no relation 
between water and arsenic, insofar as the ability to reduce 
the recombination of holes and electrons at the surface of 
germanium is concerned. To explain why arsenic was 
chosen for use in these experiments at all, it should be 
noted that extensive physico-chemical investigations into 
the influence exerted by water on the surface of semi- 
conductors have revealed that water adhering to such a 
surface tends to induce n-type surface conductivity. 
On n-type germanium, water therefore makes the surface 
layer more strongly n-type than the interior, and on 
p-type germanium it makes the surface layer less strongly 
p-type than the interior. It may even result in an n-type 
surface layer on germanium that is only weakly p-type. 
The question therefore arose whether donor elements like 
arsenic, phosphorus, antimony, and bismuth, with which 
germanium is doped to induce n-type conductivity, 
might have on the germanium surface an effect similar to 
that of water. This proved to be the case, particularly as 
regards arsenic and phosphorus, which have measurable 
vapour pressures at 140°C. 

Based on these observations, a stabilizing method has 
been developed, using a dried silicone grease mixed with 
a small percentage of powdered arsenic as the filler 
material in transistor envelopes. In its effect, this 
mixture closely resembles the mixture of silicone grease 
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and boracic acid used for the transistors stabilized by 
surface forming with water vapour, and, here again, a 
forming period of several days at 140°C is necessary. The 
resulting transistors have a high value of «’ with excellent 
stability; in fact, in numerous ageing tests, the value of 
a’ showed no variation whatever. Fig. 3 shows typical 
values of «’ for transistors formed with arsenic, under 
operational conditions involving a 50-mW load and an 
ambient temperature of 50°C, and also under storage 
conditions at 140°C. In both cases, the transistors were 
stored at room temperature for one day before measuring 
the value of «’. 

It is not to be expected that the arsenic at 140°C will 
really diffuse in the germanium surface layer and be 
incorporated in the germanium lattice in the same way 
as donor impurities because, for any significant diffusion 
to occur, the temperature would have to be at least 
600°C. Experiments have proved that the arsenic 


nevertheless gives rise to a surface layer which is of 
strongly n-type, this layer persisting as long as the 
transistor, together with the arsenic, is hermetically sealed. 
If the transistor is exposed to the ambient air, the surface 
layer changes and the transistor is no longer stable. The 
effect of arsenic is entirely destroyed if the transistor 
is introduced into a space which is evacuated at 
high temperature. Evidently, the arsenic is bound only 
very weakly to the germanium surface. 

An advantage over the forming method using a 
silicone grease and boracic acid is that the transistors 
obtained are much more capable of withstanding high 
temperatures. Arsenically treated transistors can be held, 
for example, at a forming temperature of 140°C for 
several months without deteriorating, whereas the same 
treatment with silicone grease and boracic acid would 
result in a considerable drop in the value of «’. 

(Concluded on page 137) 


The Use of Scale Models for Developing Combustion 
Chambers for Gas Turbines 


For the development by means of scale models of the 
combustion chambers of gas-turbine installations, it is 
necessary to ascertain what conditions must be satisfied 
to ensure that the results of scale-model tests can be 
applied to a full-scale combustion chamber. 

When examining the combustion process in the 
combustion chambers of stationary and marine gas 
turbines with separate means of feeding fuel and air at 
relatively small flow velocities, it can be assumed that the 
process is essentially of the diffusion type. The duration 
of the kinetic processes involved (i.e., ignition, combus- 
tion reaction, etc.) is a small fraction of the duration of 
the diffusion processes, owing to the largely exothermal 
nature of the reactions and the high temperatures 
concerned. It is therefore reasonable to assume that the 
chemical kinetic process has a negligible effect on the 
course of the overall process of steady-state combustion. 

For similarity of operation of a scale model and a 
full-scale combusion chamber, it is necessary to ensure 
similarity of hydrodynamic conditions and also of the 
development of the combustion and _ heat-exchange 
processes. When two systems are similar hydro- 
dynamically, their Struhal number Sh, their Froude 
number Fr, their Reynolds number Re, their Prandtl 
number Pr, and the exponent of the adiabatic process k 
are identical. 

Analysis of these criteria, as applied to the combustion 
chambers of gas-turbine installations, leads to the 
following conclusions:— 

(1) In steady-state motion, the condition of hydro- 
dynamic coincidence in time is absent, so that the 
Struhal number Sh is in both cases identical. 

(2) Conditions for the Prandtl number Pr and the 
exponent k to be the same in both cases will be 
satisfied if the gases have the same atomic number. 
The Mach number in combustion chambers is 
small; consequently, motion of the working 
medium in the chamber can be considered as the 
motion of an incompressible fluid, and the effect 
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of the Mach number can be neglected. 

The Froude number Fr can be neglected, since the 

buoyancy forces involved are small in comparison 

with the inertia forces, and the flow can be 

considered as a pure pressure flow. 

In most cases, the combustion chambers of gas 

turbines operate in a region in which similarity of 

motion and of the mixing process is ensured, even 

with different values of Reynolds number Re. 

If a gaseous fuel is used, the combustion process is 

determined entirely by the mixing of the fuel with air, 
for which the criterion m; can be expressed as 


™ = pwd/A ay <2 


where p is the density and w is the flow velocity of the 
medium, d is a linear dimension, and A is the coefficient 
of turbulent transfer. 

The criterion m; can be replaced by the expression 
wd/D, where D = A/p is the coefficient of turbulent 
diffusion. It has been established theoretically, as well as 
experimentally that, in similar passages, the coefficient 
of turbulent diffusion D is proportional to dw. Con- 
sequently, the m: criterion imposes no new similarity 
conditions, since it is satisfied automatically. 

Insofar as temperature is concerned, if T is the 
temperature at a certain point in the flow, e.g., inside 
the flame tube of the chamber in both cases, and AT is 
the difference between the value of T and the temperature 
at another point in the flow, e.g., at the chamber inlet, 
then the condition A7/T must be the same in both cases. 
Tests on a full-scale chamber and on a model must 
therefore be carried out under identical temperature 
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conditions, preserving the condition of similarity of 
AT/T and ensuring that the excess primary-air coefficient 
a; is the same in both cases. Moreover, conditions for 
feeding the air to the fuel must be identical in both cases, 
and this is also ensured when the coefficient «; is the 
same. 

A number of investigators have shown that the 
optimum value of the excess-air coefficient «; varies with 
changes in the diameter of the combustion chamber. 
However, this variation is very small and can be neglected 
in a first approximation. The relative depth of penetra- 
tion of the air through the holes in the flame tube will be 
approximately the same in the full-scale chamber and in 
the model. Since the width of the cold zone is propor- 
tional to the radius of the flame tube, the effect of the 
penetration of cold-air jets on the nature of the tempera- 
ture field in the full-scale chamber and in the model must 
be the same. 

When developing a combustion chamber with a 
model, it is also necessary to create identical conditions 
for intermixing the gas with air, i.e., to ensure identical 
temperature fields at the outlet of the chambers. For 
this purpose, it is essential that the ratio «1/(« —«), 
where « is the overall excess-air coefficient, must be the 
same for both the model and the full-scale combustion 
chamber, so that the value of x must also be identical in 
both cases. 

To sum up, then, in the burning of a gaseous fuel the 
principal characteristic quantities in the full-scale chamber 
and in the model will be the same when an identical fuel 
is used, when geometric similarity is preserved, and when 
the values of «1, «, and T are the same in both cases. 

When using a liquid fuel, it is necessary to take into 
account, in addition to the above criteria, those criteria 
which result from an examination of the processes 
involved in atomizing the fuel and combustion of the fuel 
droplets. 

On the basis of numerous investigations it is con- 
sidered established that the diffusion theory of droplet 
combustion can be applied in the analysis of the com- 
bustion of fuel droplets entrained by an air flow. In 
accordance with the diffusion theory of the combustion 
of droplets, the time t required for the combustion of 
fuel droplets of given initial dimensions is determined 
from the equation 


tT = Ade?® oa = ae 


where A is a time constant and dp is the initial droplet size. 

For a given type of fuel at the same temperature, the 
value of the time constant A remains the same An 
identical temperature level in the model and the full-scale 
chamber is ensured when the values of «: and 7 are 
identical in both cases. Thus, the time required for the 
combustion of a droplet is proportional to the square of 
its size, i.e., 


(doi/doz)? .. a ae 


where 1; and te are the respective combustion times for a 
droplet in the full-scale chamber and in the model, and 
do. and doz are the respective average droplet sizes 
obtained at the atomizers of the full-scale chamber and 
the model. 

The relationship between the droplet sizes in the 
full-scale chamber and in the model can be obtained from 
the condition of similarity of the flight trajectory of the 
droplets in these chambers, according to which 


T1/Te 


Li = mL2 : .. 


where L; and Le are the respective lengths of the com- 
bustion paths of the droplets in the full-scale chamber 
and in the model and m = di/d2 is the geometric scale 
of the model, di and dz being the significant linear 
dimensions of the full-scale chamber and model 
respectively. It is evident that 


t = Li/wi and te = Le/we .. (5) 


where w: and we are the respective air velocities in the 
full-scale chamber and in the model. Consequently, 


doi = dox\/mia .. .. oe 


where a = w:i/we and indirectly takes into account the 
difference in air flow over the droplets. Thus, when using 
a liquid fuel, it is also necessary to satisfy eq. (6) and, in 
addition, the droplet distribution in the fuel jet in both 
chambers must also be identical, as determined from 


R = 100e~« bs a~) 


where c = (di/do)", in which d; is the instantaneous 
droplet diameter, do is the average droplet diameter 
corresponding to a certain value of R, where R is the 
weight of that portion of the jet consisting of droplets 
with diameters larger than d;, and n is a number which 
expresses the degree of non-uniformity of the droplets 
and which, for identical droplet distribution in the fuel 
jet of the model combustion chamber and the full-scale 
chamber must be the same in both cases. In practice, it 
should be noted that the value of do is normally selected 
to give a value of R of 0-368. 

















Fig. 1. Design of combustion chamber without a baffle. 
(1) Air inlet. (2) Swirl atomizers 
(3) Flame tube. (4) Shield 
(5) Mixer. (6) Gas outlet 


It has been established by experiment that nm is a 
function of Ri/ri, where Ri is the radius of the swirl 
chamber of the atomizer, and r; is the radius of the 
burner nozzle. Consequently, to obtain an identical 
degree of droplet non-uniformity from the atomizers 
of the full-scale chamber and the model, the ratio Ri/ri 
must be identical in both cases, and this is easily 
accomplished. 


‘2 
2 











+ 300 = 150 





meee te 
_— aS 














> 360 <t-—_______—- 600mm —_—_—_+—— 750 


Fig. 2. Multi-baffle combustion chamber. 
(1) Diffuser. (2) Swirl atomizers. 
(3) Baffles. (4) Air distributor. 
(5) Six rows of 12-mm holes (6) Flame tube. 
(7) Convergent outlet section (8) Cylindrical extension tube 
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When all the above conditions of similarity for the 
processes in the combustion chambers are satisfied, the 
ratios of the fuel and air mass flows in the full-scale 
chamber and in the model can be obtained. Thus, the 
mass flow G of air in a combustion chamber is expressed 
by the equation 


nd? p 

4 RoT 

where p is the pressure and Re is the gas constant. 
If the condition of equal temperature 7 is fulfilled, 


then, for the full-scale combustion chamber and the 
model chamber, 


G=w (8) 


Gio wi Pa (i \?* ~ 
Go We pe G) ws 
where G; and G2 are the respective mass flows of air in 
the full-scale chamber and the model, and b = pi/ps, 
i.e., the ratio of the respective pressures involved. 
Using identical fuels, and with the same value of a1, 
the corresponding ratio B:/Bz of the fuel mass flows is 
equal to the ratio Gi/Ge2 of the air mass flows. 

To verify the validity of the conditions enumerated 
above, experimental investigations have been carried out 
on two different designs of combustion chamber and their 
corresponding models. The first design of chamber was 
of a type without a baffle and formed part of a marine 
gas-turbine plant, the general layout of the full-scale 
chamber being shown in Fig. 1. The model chamber was 
similar to the full-scale chamber, the geometric scale m 
being 1-67. Air feed in the full-scale chamber was 
effected by means of a blower, the air mass flow Gi: being 
up to 10 kg/sec. A small number of tests was also 
carried out with air supplied by an axial compressor, the 
air mass flow in this case being up to 15 kg/sec at a 
pressure of up to 2 kg/cm?. In the model chamber, the 
air was supplied by a blower, ensuring a mass flow Ge of 
up to 4 kg/sec at a pressure of up to 1000 mm w.g. 

The second design of combustion chamber was a 
multi-baffle chamber which appears to have a promising 
future in modern stationary and marine gas-turbine plant, 
the general layout of the full-scale chamber being shown 
in Fig. 2. During testing, the angle of the baffle blades 
was varied in both the full-scale chamber and the model, 
using blade angles of 30, 45, and 60 deg. Three swirl 
atomizers were installed in the full-scale chamber, into 
which air was fed by means of an axial compressor which 
was capable of delivering a mass flow of up to 3-5 
kg/sec at a pressure up to 1-45 kg/cm*. The temperature 
of the air entering the chamber varied from 30 to 75°C. 
The model chamber was similar to the full-scale chamber, 
the geometric scale m being 2:0. Three swirl atomizers of 
the same type were also installed in the model chamber, 
the geometrical dimensions of the injectors being the 
same as those of the injectors in the full-scale chamber. 


All experimental results obtained from the tests on 
both designs of full-scale chambers and their models 
were evaluated by identical procedures, carried out in 
such a way that, following evaluation, the principal 
characteristic quantities determining the operation of the 
combustion chambers could be obtained. 
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Fig. 3. Comparison of experimental results obtained with the 
design of c bustion chamber in Fig. 1. 





Comparative results for the full-scale combustion 
chamber of the type shown in Fig. 1 and the correspond- 
ing model are given in Fig. 3, in which the crosses refer 
to test points with the model and the circles to test points 
with the full-scale chamber. In Fig. 3a, pressure losses 
are evaluated in terms of Euler number Eu as a function 
of Reynolds number Re, referred to the air conditions in 
the inlet connections of the chamber. In Fig. 3b, the 
experimental results for temperature are given in terms 
of t;/t as a function of r;/r, where f; is the gas temperature 
at the point of measurement, i.e., in cross-section II in 
Fig. 1, ¢ is the mean arithmetic gas temperature in this 


TABLE I: COMPARATIVE RESULTS WITH THE CHAMBER SHOWN IN Fic. 2 
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cross-section for a single diameter, r; is the distance 
between the axis and the point of measurement, and r is 
the radius of the cross-section. Similarly, Fig. 3c shows 
variations in the excess-air coefficient «;, also as a 
function of r;/r, but measured in this case at cross-section 
Lin Fig. 1, while Fig. 3d shows variations in the coefficient 
of completeness of combustion 7; in cross-section I, 
again as a function of r;/r. 

Comparisons of the experimental results obtained 
with the full-scale combustion chamber of the type shown 


in Fig. 2 and its model, for different values of baffle blade 
angle B are given in Table I. 

These experimental investigations have established 
that it is a practicable proposition to develop the 
principal design features of combustion chambers for gas 
turbines and other power plant by means of scale models. 
In this way, the principal design elements of a combustion 
chamber can be developed on a sound basis, substantially 
reducing the time normally required for development 
and, at the same time, reducing the associated costs. 


The Future of Gallium Arsenide 


By M. F. TOMAINO 


From Electronics, U.S.A., 
February 17, 1961, 
pp. 144, 146-147, 2 illustrations. 


THE status of gallium arsenide for use in semiconductive 
components may be compared to the status of silicon 
about four years ago. However, the potential of gallium 
arsenide will depend on how many GaAs devices will be 
made and sold in the next five years. 

It has been known for some time that the greater band 
gap and potentially greater mobility of GaAs make this 
material dominant over silicon and germanium for both 
high-frequency and high-temperature performance. How- 
ever, the key to this potential lies in the technology of 
crystal growth, techniques of chemical and metallurgical 
purification, incorporation of foreign atoms for desired 
electrical properties, and evaluating-device configurations 
measured at various power levels. 

In gallium arsenide, the technology problem of grow- 
ing single crystals has been solved by four techniques, i.e., 
the magnetic Czochralski, the horizontal Bridgman, the 
floating zone, and the gradient freeze techniques. The 
most perfect crystals, structurally speaking, are made by 
the Czochralski technique, in which a seed is withdrawn 
from the melt and rotated to maintain thermal symmetry 
and cylindrical geometry. 

The horizontal Bridgman technique, however, seems 
to be the most useful in the routine preparation of single 
crystals of GaAs for physical measurements and device- 
feasibility studies. 

One problem which still needs to be solved is that of 
obtaining a purity suitable for transistor devices, bearing 
in mind that this must be one order of purity better than 
that at present obtainable for the manufacture of tunnel 
diodes and other ultra-high-frequency devices. Once 
this problem has been solved, the door would be open to 
a whole new line of transistors. 

Part of the answers to this problem are coming from 
organizations which are not only developing experimental 
GaAs devices, but are also growing their own materials. 
The greatest advances are being made by those who are 
experimenting with crystal-growing techniques in their 
own laboratories, because device-development engineers 
require close collaboration with those who know special 
growing techniques to produce high-purity materials with 
high mobilities. Some well established American firms 
have adopted this approach. 

One recently formed company in the U.S.A. has 
adopted the basic philosophy of integration of develop- 
mental efforts in solid-state materials and semiconductor 
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devices with a similar activity in microwave components 
As a result, this company now offers n-type single 
crystal gallium arsenide with mobilities ranging from a 
minimum of 3500 cm?/volt-sec to over 5500 cm?/volt-sec. 
The quality of this material is demonstrated by a large 
increase in mobility at low temperatures and by uncom- 
pensated carrier concentrations of the order of 10'® per 
cm’. In addition to the high-purity material desirable 
for basic material investigations and transistor and 
rectifier work, doped single crystals with impurity den- 
sities suitable for varactor and tunnel diodes are available. 
Both single- and large-grain polycrystalline materials 
come in semicircular ingot form, j-in. in diameter and 
weighing approximately 20 grams per linear inch. 

The crystals are grown by special techniques, not yet 
disclosed, and mobility and resistivity data are supplied 
by the manufacturer with all single-crystal materials. 
Measurements are made on an ultrasonically formed 
Hall sample from material immediately adjacent to that 
supplied by the purchaser. The Hall sample used to 
evaluate the material can be purchased on request. 
Doped and 3500 cm?/volt-sec minimum mobility 
materials are available, as well as crystals with a minimum 
mobility of 4500 cm?/volt-sec. Furthermore, large-grain 
polycrystalline material can also be purchased. 

In addition to supplying gallium arsenide, this 
company plans to make its own devices, such as varactor 
and tunnel diodes, and ultra-high-frequency and 
microwave devices. 

Another American company which has been active in 
the semiconductive materials field recently announced 
their single-crystal gallium arsenide in both doped and 
undoped form, with carrier concentrations ranging from 
1 x 1016 carriers per cm*® to degenerate levels, and, can 
deliver crystals to a doping tolerance of +50%, the 
dopants employed being zinc, tellurium, and tin. Single- 
crystal gallium arsenide has been produced in ingots as 
large as 90 grams and in diameters up to one inch. 

In addition to the single-crystal form, this company 
also offers polycrystalline gallium arsenide. Carrier 
concentrations for both types are less than 5 x 10! 
(undoped), 5 x 10'6 to 5 x 10!? (undoped), 5 x 10!” to 
1 x 10%° (doped), and greater than 10'* (doped). The 
minimum mobility of the undoped form is approximately 
2500 cm? /volt-sec. 

One contract for evaluating various semiconductor 
materials, including GaAs, is now active. The basic 
approach involves the Hall-effect mode and the use of 
magnetic input for a.c. and d.c. field measurements, and 
both electric and magnetic inputs for the microwave 
power meter. 
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Precise-Frequency Power Generation from an 


Unregulated Shaft 


By K. M. CuirGwin, L. J. Stratron, and J. R. Toru 


AN obvious way of obtaining precise-frequency power 
from an unregulated shaft is to rectify the output of a 
variable-frequency generator driven by the shaft and 
then to convert the resulting d.c. power to a precisely 
controlled frequency power by a static inverter. This 
has the advantage that the frequency of the output 
power is dependent only on the frequency of the reference 
signal used to control the static inverter, and is not 
affected by changes in the load on the system or in the 
speed of the shaft. 

The rectifier and static-inverter part of this scheme 
can be classified as a “‘d.c.-link’’ frequency changer, 
since the a.c. power is changed to direct current and then 
statically inverted to the desired a.c. frequency. Such a 
frequency changer has the disadvantage that it cannot 
feed a lagging reactive load, because the rectifier portion 
permits power flow in only one direction. A further 
disadvantage is that this d.c.-link frequency changer is a 
dual-energy conversion device. 

A system employing a single energy-conversion 
frequency changer, which converts directly from one 
frequency to another, and therefore has only half the 
losses, is described in this paper. Furthermore, this 
frequency changer permits power flow in either direction 
and can handle loads of any power factor. 

As shown in the block diagram in Fig. 1, the system 
consists of a synchronous generator driven by an un- 
regulated shaft which feeds variable-frequency a.c. power 
to a semiconductor frequency changer. The output 
power of the frequency changer is precisely controlled in 
frequency, and this output is then filtered in order to 
meet required, e.g., military, specifications on waveshape. 
The frequency of the output power is determined by a 
signal from a frequency reference which is part of the 
voltage and frequency regulator. The voltage regulator 
senses the output voltage and supplies d.c. field excitation 
to the synchronous generator. 


The Frequency Changer 


The power circuit of the frequency changer is shown 
in Fig. 2, the power supply to the frequency changer 
being the variable-frequency synchronous generator 
driven by the unregulated shaft. The frequency changer, 
as shown in Fig. 2, consists of 18 silicon p-n-p-n switches 
(silicon-controlled rectifier, trinister, etc.). This com- 
ponent can be rendered conducting or “switched on” 
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Fig.1. Block diagram of the precise-frequency generator system® 
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by means of a small pulse of current applied to the 
“gate”, and “switched off’ when the anode-to-cathode 
current is forced to zero by circuit conditions. The 
p-n-p-n switch is therefore the solid-state equivalent of a 
thyratron. The function of the frequency changer is to 
convert higher input-frequency alternating current or 
voltage into a lower output-frequency alternating 
current or voltage. 

In essence, the frequency changer comprises a number 
of switches which are opened and closed at such instants 
that the output-frequency wave is fabricated out of small 
pieces of a number of input-frequency waves. This 
process of opening and closing the switches produces a 
jagged output-frequency wave which is smoothed by the 
filter. 

The frequency changer illustrated in Fig. 2 consists of 
six groups of 3-phase half-wave circuits. One-half of 
these groups are called “positive groups”, i.e., A+, B 
and C+, and the other half “negative groups”, i.e., 
A—, B—,and C The function of the positive groups 
is to carry current during the positive half-cycle of the 
output-frequency wave, the negative groups carrying the 
current during the negative half-cycle of the output- 
frequency wave. The output frequency is determined by 
the length of time the positive groups and the negative 
groups are each allowed to carry current. 

In order to understand the fabrication process, 
consider one of the positive groups in Fig. 2. If it is first 
assumed that the firing of these three rectifiers is delayed 
to such an extent that the average output voltage is zero, 
then this will represent the zero point on the output- 
voltage wave. If it is now assumed that the delay in the 
firing of the rectifiers is progressively decreased, so that 
the average voltage output of the group is progressively 
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Fig. 2. Power circuit of the frequency changer. 








increased to a maximum value, then, if the delay is 
decreased in an appropriate manner, the increase in the 
Output voltage can be sinusoidal. Having reached the 
maximum of the output-voltage wave, the delay in the 
firing of the rectifiers is progressively increased until the 
voltage output is reduced to zero once again. At this 
point, if the power factor is unity, the negative group of 
rectifiers in the same output phase takes over and 
fabricates the negative half-cycle of the output-voltage 
wave. 

Thus, all that is necessary to fabricate a precise- 
frequency output wave is to control the delay in the 
firing of the rectifiers in an appropriate manner, to 
arrange to switch from the positive group to the negative 
group at appropriate instants, and to filter the output 
wave. If the switching from positive to negative groups 
always occurs at zero current, it is possible to transmit 
real or reactive power in either direction through the 
frequency changer. A number of high-frequency waves 
should be used in fabricating a low-frequency wave, in 
order to obtain reasonable output waveshapes. Also, to 
avoid power pulsations the ratio of the high to the low 
frequency should be approximately 2 : | or greater. 

The foregoing description assumes conversion from 
higher frequency to lower frequency. However, power 
can flow from the lower-frequency side to the higher- 
frequency side of the frequency changer, so that the 
power supply to the frequency changer can be at a lower 
frequency than the output. Under these conditions, the 
leading reactive power required to commutate the 
current between rectifiers must be provided on the 
higher-frequency side. Because of this requirement, it is 
advantageous to have the power supply to the frequency 
changer at the higher frequency. Furthermore, a 
high-frequency power supply permits the use of a high- 
speed generator, thereby reducing its weight. 
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Fig. 3. Utilization of the frequency changer and generator as a 
function of frequency for different recovery times. 


Just as with a thyratron, there is an upper frequency 
limit set by the deionization time of the tube; so also, 
with a p-n-p-n switch, there is an upper frequency limit 
set by its recovery time. As this frequency limit is 
approached, sstisfactory commutation requires that both 
the frequency changer and the generator be derated by an 
amount indicated in Fig. 3, which shows utilization as a 
function of frequency for different recovery times. 
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It will therefore be appreciated that there are limits 
imposed on the input frequency to the frequency changer, 
the lower limit being approximately twice the output 
frequency, and the upper limit being determined by the 
utilization and the recovery time. The frequency at 
which the generator operates must fall between these 
limits for the whole speed range of the unregulated shaft. 
When the output frequency of the system is 400 cps, 
these frequency limits are wide enough not to present any 
problem. When the output frequency is 1600 cps, there 
may be some weight penalty because of poor utilization 
if the speed range of the shaft is wide. When the input 
frequency is 3200 cps, it will be necessary to use p-n-p-n 
switches having the shorter of the recovery times indicated 
in Fig. 3. 

The output wave fabricated by the frequency changer 
has appreciable ripple, and the function of the filter in the 
block diagram in Fig. 1 is to suppress this ripple and to 
give output-current and voltage waveshapes meeting 
the required specifications. The size and weight of this 
filter can be reduced by increasing the frequency and/or 
by decreasing the amplitude of the ripple. 

For the circuit in Fig. 2, the ripple frequency is three 
times the input frequency, since this frequency-changer 
circuit is based on a 3-phase half-wave rectifier circuit. 
Many other basic rectifier circuits could be used to make 
up a frequency changer which will give increased ripple 
frequency and decreased ripple amplitude. However, 
in order to minimize the size and weight of both the 
generator and frequency changer, it is necessary to use 
basic rectifier circuits which give 120-deg. current 
conduction in the rectifiers. Because of the increase in 
the number of p-n-p-n switches and their controls, and 
the number of interphase transformers required, there is a 
limit to this method of reducing filter sizes. 


The Generator 


As already indicated, one of the major advantages of 
this system is that the generator frequency should be 
high, so that the generator may be run at very high speeds 
to minimize its size and weight. In order to make the 
generator reliable at these high speeds, it is advisable to 
eliminate slip-rings and brushes, and this can be achieved 
by the use of a brushless Secsyn (stationary exciter-coil 
synchronous) generator. This generator consists of two 
stationary field coils which establish a magnetic field in a 
rotating pole structure, resulting in a _ heteropolar 
rotating magnetic field which induces voltage in a 
conventional stator winding by normal generator action. 

The rotor consists of a solid magnetic tube with 
hexagonal pole segments which are magnetically isolated 
from the remainder of the tube by a non-magnetic damper 
cage. Flux is established in the rotor shaft by two 
stationary bucking field coils, the flux entering magnetic- 
ally conductive spokes under each hexagonal pole 
segment. Consequently, each hexagonal pole segment in 
the tube surface is a source of flux which crosses the main 
air gap into the stator, and thus constitutes a north pole. 
The flux cuts the armature conductors in the conventional 
laminated stator, then leaves the stator, again crosses the 
main air gap, and returns to the surface of the tube 
existing between the hexagonal pole segments. These 
surfaces of the tube constitute south poles of the rotor. 
The flux then progresses axially to the edges of the tube, 
crosses additional air gaps to the stationary field yokes 
surrounding the field coils, and finally crosses other 
additional air gaps from the stationary field yokes to the 
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rotating shaft, completing the magnetic circuit. 

In a 4-pole machine, there are two hexagonal pole 
segments (e.g., north poles) and two in-between tube 
surfaces (south poles) whose active area under the stator 
iron is equal to the area of the hexagonal segments. The 
shape of the south poles is complementary to that of the 
hexagonal north poles, so that the flux pattern over the 
north and south poles is symmetrical. 

The Secsyn generator, in addition to being brushless, 
has a rotor construction which is suitable for operation at 
very high speeds. Because of the absence of rotating 
windings and because of its tubular steel construction, 
rotor peripheral velocities as high as 45,000 fpm are 
possible. High peripheral velocities permit building quite 
large ratings for operation at very high rotational speeds. 


The Voltage and Frequency Regulator 


The output voltage of the system can be regulated in 
the normal way by controlling the excitation of the 
generator. The accuracy and speed of response of such a 
voltage-regulation system will be the same as those of 
conventional systems. With the type of frequency 
changer described, there exists the possibility of regulating 
the system voltage in the frequency changer itself, this 
method of voltage regulation offering the same accuracy 
but faster response. Either or both methods of voltage 
regulation can be used, depending on the requirements of 
the application. 

The output frequency of the system is not affected by 
the shaft speed or load on the system, but is determined 
by the frequency of the reference signal. The steady- 
state accuracy of the system frequency is the same as that 
of the reference. An accuracy of 1% can be achieved 
with a tuned oscillator, 0°1°% with a tuning fork, and 
0-001 °%% with a crystal oscillator. 

The frequency portion of the control can be operated 
as an open-loop type of regulator; with such a regulator, 
the only frequency transient existing in the frequency 
changer is a certain amount of wave distortion which 
occurs when the input speed changes rapidly. Certain 
designs of filter lead to a load-dependent phase shift 
between input and output voltages. With this type of 
filter, a small additional frequency transient will be 
present at the output terminals when the load changes 
rapidly. It should be pointed out, however, that these 
frequency transients are so much smaller than those 
encountered in conventional systems that new definitions 
of frequency and frequency transient are needed before 
discussion can have a precise meaning. 


Reactive-Power Relations of the System 


As already indicated, this single-conversion frequency 
changer can handle power flow in either direction. This 
means that energy stored in the load, either inductively or 
capacitively, during one part of the low-frequency cycle 
can be returned through the frequency changer to the 
high-frequency power supply during some other part of 
the low-frequency cycle. 

Since real power is conserved, the real power supplied 
by the generator must be equal to the real power con- 
sumed in the load, plus the real power losses in the 
frequency changer and filter. Unfortunately, the same 
simple relationship does not apply to reactive power, 
since reactive power is not necessarily conserved in a 
system in which there is a frequency change. 

The frequency changer in Fig. 2 is built up from a 
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number of 3-phase half-wave phase-delayed rectifier 
circuits. Rectifier technology shows that the a.c. 
system supplying a phase-delayed rectifier circuit 
always operates at a lagging power factor. This a.c.- 
system power factor is usually defined as the product of 
two other factors, i.e., the distortion factor and the 
displacement factor. The distortion factor is a measure 
of the amount of harmonic currents flowing in the 
system, and the displacement factor is a measure of the 
amount of the phase displacement between the system 
voltage (assumed to be sinusoidal) and the fundamental 
of the current. 

When the rectifier circuits are supplied directly by an 
a.c. generator, the harmonic currents flowing increase 
the copper losses in the armature and damper windings, 
but do not have an appreciable effect on the generator- 
armature reaction. With a generator of normal design, 
it is possible, without much difficulty, to proportion the 
armature and damper windings to take care of the 
increased losses associated with the values of distortion 
factor usually encountered. The displacement between 
the voltage and the current fundamental has the same 
direct relationship to the demagnetizing effect of 
armature reaction as that of the power factor of a 
generator carrying sinusoidal currents. Because of this, 
the displacement factor is important in determining the 
size and weight of the generator. 

In a phase-delayed rectifier, the magnitude of the 
displacement factor is determined by the amount of 
phase delay and by the amount of current overlap 
between phases. With a frequency changer, the power 
factor of the low-frequency load must be added to this 
list. 

As can be expected, current overlap between phases 
reduces the displacement factor. The amount of current 
overlap depends on the leakage reactance of the generator 
and of the feeders connecting the generator to the 
frequency changer. It is therefore important to minimize 
these two reactances, particularly when the generator 
frequency is high. 

When voltage regulation is accomplished, either 
partially or entirely within the frequency changer, there 
will be a phase delay caused by the voltage regulator. 
The greater is the amount of voltage reduction, the 
greater is the phase delay and the greater is the generator 
reactive-power requirement. Fortunately, this does not 
usually represent a severe penalty on the whole system, 
since the determining condition is the maximum system 
overload, at which the voltage reduction called for by the 
regulator will be zero or only a small value, so that the 
extra generator reactive power required is zero or small. 

In a phase-delayed rectifier, because the output is 
direct current, there is never any reactive power absorbed 
by the load. With a frequency changer, the load may 
either absorb or deliver reactive power. It can be shown 
that, when the load on the frequency changer has zero 
reactive power (pure resistive load), there is an average 
phase delay—as a result of shaping the output to a sine 
wave—which results in a displacement factor of 0-843. 
When the frequency-changer load absorbs reactive 
power (lagging load), the phase delay is increased and the 
displacement factor is less than 0-843. 

When the load delivers reactive power to the fre- 
quency changer (leading load), it is surprising to note 
that, instead of reducing the phase delay and even 
producing a phase advance, the leading load increases the 
phase delay and reduces the displacement factor by just 
the same amount as a lagging load having the same 
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power factor. This means that filter designs which 
represent a leading or capacitive load on the frequency 
changer do not reduce the generator reactive-power 
requirements, but actually increase these requirements 
and so represent a penalty to the system. 


Output Waveshape of the Frequency Changer 


The mode of operation of the frequency changer used 
in the preceding discussion results in a voltage-output 
wave which is a sine wave of the desired frequency, plus 
some unwanted higher-frequency ripple, the purpose of 
the filter being to eliminate this ripple. It is a com- 
paratively simple matter to programme this same fre- 
quency changer to produce almost any kind of output 
wave shape. In applications where a non-sinusoidal 
waveshape is required, this should be done. 

In applications requiring sine-wave output, it is 
possible to produce, for example, an approximately 
rectangular wave and to filter this to a sine wave. 
Operating the frequency changer with a rectangular-wave 
output has the advantage that there is only a very small 
average phase delay because of wave shaping, and this 
reduces the generator reactive-power requirements by 
almost 54°% of the real power output. On the other hand, 
the filter now has to eliminate harmonics of the output 
frequency and, in most applications, this results in a 
considerable increase in the size and weight of the filter. 
In the majority of applications, a lighter system results 
from a sine-wave frequency changer, a small filter, and a 
generator capable of the extra reactive power required 
for waveshaping. 


Applications of the System 


Precise-frequency generator systems of the type 
described have been built in various sizes from approxi- 
mately 1 to 30 kVA. In aircraft main-generator applica- 
tions, where either the output rating is smaller than about 
20 kVA, or where the input-shaft speed is higher than 
that normally used in aircraft, this type of system seems 
preferable to other systems. 

In these applications, the main engines are the source 
of mechanical power, so that the speed of rotation is 
determined by considerations outside the generating 
system. There are many instances, such as emergency- 
power units and auxiliary-power units, where the speed 
of the prime mover can be dictated by the generator 
requirements. Here, the system usually employs a 
conventional synchronous generator, and the output 
frequency is determined by a speed governor. In this 
kind of application, where a frequency accuracy of 1% 
or better is required, and where speed governing is 
unusually difficult, it may be preferable to regulate the 
shaft speed to quite wide limits and to use a precise- 
frequency generator system of the type described. 

There are other auxiliary power-unit and secondary 
power-unit applications where the speed of the prime 
mover is deliberately varied in order to minimize fuel 
consumption at reduced loads. Here, of course, a 
precise-frequency generator system must be used to 
obtain a constant output frequency. 

There exists a wide variety of applications of this 
precise-frequency generator system because it is possible 
to use a very-high-speed generator and still obtain a 
comparatively low output frequency. These systems are 
particularly attractive where a high-speed turbine 
prime mover can be directly connected to the generator 
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without the use of reduction gearing. Such a system can 
be built as a 60-cps power supply at a small fraction of the 
weight of currently available conventional 60-cps power 
supplies. 

Finally, there is a large area of application, at present 
unexploited, of this precise-frequency generator system, 
i.e., in those applications where the extremely good 
frequency accuracy of the system is of prime importance. 
As pointed out, the system has a frequency accuracy as 
good as the small frequency reference and has negligible 
frequency transients. As a result, these systems offer the 
possibility of improvements in frequency regulation of 
several orders of magnitude, when utilization equipment 
having this sort of requirement is developed. 





Static Frequency Changers for 
Induction - Heating Applications 
(Concluded from page 115) 


reactive current and harmonics on the primary (mains) 
side of the transformer is two to three times the active 
load, and the efficiency is between 85 and 92°, depending 
on the circuit arrangement and the size of the converter. 
It should be noted that all static frequency changers can 
be controlled virtually steplessly under load over their 
entire range by d.c. pre-magnetization. However, this 
control requires additional expenditure for the d.c. 
circuit and doubling the number of converter transfor- 
mers. A different method of control, which has been 
found very successful in practice and simple in applica- 
tion, is suitable for both transformer and converter types 
of frequency changers and is based on the marked effect 
of the power factor of the load on the output voltage of 
the converter. By providing stepped switching for part 
of the primary and secondary capacitors, the output 
voltage can be controlled within a range sufficiently 
wide to suit most applications, without materially affecting 
the power factor of the mains supply. 

A particularly useful feature of static frequency 
changers, bearing in mind the requirements of induction 
heating, is that they give a single-phase supply; in other 
words, static frequency changers, like rotary converters, 
transform the three-phase mains supply, which, as such, 
is useless for induction heating, into a single-phase 
current; also, this single-phase current is drawn 
symmetrically from the three-phase mains, thereby 
facilitating connection of the equipment to the mains 
supply system. At the same time, the supply voltage can 
be adapted to suit the inductive load simply by altering 
the transformer ratio. This latter advantage does not, 
however, apply with converter-type circuits; in this case, 
provided that the load is inductive, provision can be made 
for raising the voltage, if required, by designing the 
power-factor compensation as a series resonance circuit, 
or as a mixed series-parallel compensation. 

As regards maintenance and reliability, the static 
frequency changer can be considered as on equal terms 
with a transformer. Depending on the selected circuit, 
however, protective excess-current and voltage-control 
relays must be provided. A very useful feature of the 
Static frequency changer is that any short-circuit on the 
secondary side affects the equilibrium of the circuit in such 
a way that it produces a reduction, and not an increase, in 
the secondary current, thus minimizing any risk of 
damage from major short-circuits. 
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Refractory Coatings for High-Temperature 


Protection 


Many high-temperature problems in missiles and 
satellites are being solved with refractory coatings. For 
instance, a ceramic coating will protect a copper or 
beryllium nose cone from temperatures as high as 
6500°F. The same principle, i.e., that of producing a 
thermal drop, is being evaluated for the protection of 
aluminium piston heads in internal combustion engines, 
employing similar types of ceramic coatings. 

A comparatively inexpensive, non-strategic alloy 
may have suitable strength properties, but its use may 
be precluded by poor oxidation resistance at service 
temperatures. By using protective coatings, the base 
material is protected from oxidation, allowing it to be 
used to the limit of its structural capability. Thus, less 
costly alloys will often perform as well as uncoated 
corrosion- and heat-resistant steels and alloys, and the 
latter (when coated) will have a longer service life at even 
higher temperatures. 

The primary reason why there are so many different 
types of coatings is that there are many protective- 
coating requirements, and no single coating can provide 
all the desired properties, such as corrosion and oxidation 
resistance, erosion resistance, thermal insulation, and 
electrical resistance. Thus, for instance, in the case of 
erosion resistance, metal surfaces can be severely 
damaged by impingement of hot gases, flames, and small 
particles of combustion products moving at rapid rates. 
Here, refractory coatings will minimize this damage by 
providing a buffer between the combustion area and the 
metal confining the process. Similarly, increasing power 
capabilities and thermal-flight considerations have given 
rise to the requirement for electrical insulation to operate 
continuously at considerably higher temperatures, and, 
here again, refractory types of insulation are finding 
increasing application, as standard types of insulation 
tend to break down at relatively low temperatures. 


Vitreous Ceramic Coatings 

Glassy or vitreous ceramic coatings, which are both 
protective and decorative, have been in use for some 
time, but it was not until World War II that techniques 
were modified to provide high-temperature protection. 
Vitreous coatings, which are smooth and non-porous, 
are tightly bonded to the base metal and are resistant to 
temperatures up to 1800°F for long periods. This type of 
ceramic coating can be used to protect such metallic 
structures as exhaust stacks and flame dampers. 

Because operating temperatures have increased and 
greater protection is needed, improvements have been 
made by adding refractory materials such as alumina, 
zirconia, titania, and ceria to the coatings. With increas- 
ing additions of these compounds, both the appearance 
and character of the coatings have changed, until a new 
member of this family, i.e., semi-vitreous coatings with a 
matte finish, have been created. Coatings of this type 
are protective at temperatures up to 2300° F, a typical 
example being one using additions of titania for the 
protection of super-alloys at temperatures above the 
useful range of a glassy coating. This particular coating 
is specified for turbojet combustion liners, transition 
liners, afterburner flame-gutters, and shrouds. 

Vitreous ceramic coatings have been developed to 
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prevent the oxidation, carburization, and sulphurization 
of chromium-containing steels at elevated temperatures 
and can be used to protect such items as exhaust mani- 
folds, turbo-hoods, and combustion-chamber liners, 
where an extended life or a reduction in critical alloying 
materials is required. In another application, an inner 
liner on an afterburner was coated with a ceramic, 
enabling stainless steel to replace a more expensive alloy. 

Another low-fired, vitreous coating has been de- 
veloped to prevent oxidation, decarburization, and 
corrosion damage to low-alloy steels. The coating can 
also be fired on copper-base alloys and stainless steel, 
and has found additional use as an electrical insulator. 
One recent application is in a high-pressure bellows and 
duct system made of low-alloy steel coated to prevent 
oxidation and corrosion at 850°F, the firing temperature 
being only 1000°F. 

Vitreous coatings are beneficial in other ways. For 
instance, they improve the fatigue life of thin sheet, and 
a ceramic-coated bellows has shown a tenfold increase in 
fatigue life for a given stress level. Some vitreous 
coatings also provide good electrical insulation, and 
reactor tubes have been coated to insulate against 
potential differences as high as 30,000 V. 


Metallic Coatings 


Parallel with the development of glass coatings has 
come another coating programme designed to improve 
the surface resistance of base metals with a thin layer of a 
second metal more resistant to oxidation and corrosion. 
Chromium, nickel, titanium, aluminium, and combina- 
tions of these metals have been successfully used to 
provide a thin, closely bonded protective layer. Chro- 
mium can be applied by chromizing, nickel by plating, 
titanium by plating from fused salts, and aluminium by a 
variety of methods. 

When the metallic coating is diffused into the surface 
of the base metal, the surface becomes a new alloy. For 
example, when aluminium is diffused into the base metal, 
an aluminium-rich surface layer is obtained which 
provides increased oxidation and corrosion resistance. 
Metallic coating processes have been developed to resist 
oxidation, carburization, sulphurization, attack by 
hydrogen and hydrogen sulphide gases, erosion, and 
galling on alloys requiring a firing temperature between 
1200 and 1300°F. 

A modification of the process has been developed to 
protect titanium and titanium alloys from absorption of 
oxygen, nitrogen, and carbon at temperatures up to 
1500°F, and to prevent galling of titanium during 
forming operations. 

Diffused metal coatings provide refractory protection 
at temperatures far in excess of those which limit the 
usefulness of vitreous and semi-vitreous or matte 
ceramics and non-diffused metallic coatings. Diffused 
aluminium coatings are beneficial with a variety of base 
metals, ranging from low-alloy steels to super-alloys. 
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The operating temperatures of the base metals may be 
safely increased by 300 to 500°F, and in addition, service 
life will usually be extended. 

To give an example of the protection afforded by 
these diffused aluminium coatings, it may be mentioned 
that, in tests with one specific corrosive medium (vana- 
dium pentoxide, sodium oxide, and carbon), an alu- 
minized sample of Type 321 stainless steel merely 
exhibited some staining after a 30-min exposure at 
1900°F, whereas an uncoated sample was completely 
destroyed. It is also interesting to note that, in tests on 
standard sheet specimens, it was found that the fatigue 
strength of Type 347 stainless steel was actually increased 
(from 34,000 to 46,000 psi) by the application of a diffused 
aluminium coating. 


Cermet Coatings 


As cermets are materials combining ceramics and 
metals, it is reasonable to expect that they could be used 
to produce coatings which take advantage of the best 
characteristics of both ceramics and metals. As a matter 
of fact, cermet coatings, especially those designed to 
provide protection for carbon and low-alloy steels, are 
proving quite useful. One example is the aluminium- 
ceramic combination called “‘Alcermet”’ coatings, which 
have excellent workability and which can be applied to 
almost all low-alloy ferrous materials with beneficial 
results. In fact, their use has eliminated many of the 
usual process difficulties, such as fish-scaling, pinholing, 
and poor bond, encountered when formulations not 
specifically designed for coating are used. 

These cermets have excellent oxidation resistance, 
and thick or thin components can be fired without 
burn-through or other defects. Parts of varying thickness 
and containing welds, sharp edges, etc. can be coated 
easily, and the coatings can be fired for as little as 5 min 
or for as long as 1 hr, with equally satisfactory results. 
This is important in fabrications made of thick and very 
thin components, where the thin sections tend to “‘over- 
fire’. Typical applications of these aluminium-ceramic 
coatings include their use in forced-air heaters, water 
heaters, oil storage tanks, automobile exhaust-pipes and 
mufflers, and incinerators. 


Flame-Spraying 


The successful application of coatings to metals and 
alloys can be attributed in large part to porcelain 
enamelling techniques, in which a low-melting glass is 
ground in a liquid vehicle, into which the metal part is 
sprayed or dipped, and is then fired in a furnace (at a 
temperature well below the softening point of the metal) 
to fuse the glass into a continuous layer. 

Improvements and modifications have extended this 
technique to the high-temperature protective-coating 
field. In many instances, however, extreme high- 
temperature resistance or thermal insulation is required, 
and the coating materials used cannot be fused and will 
not bond at a firing temperature below the melting point 
of the base metal. For example, the coating of steel with 
aluminium oxide or zirconium oxide, both of which melt 
at temperatures higher than 3500°F, would be a problem, 
were it not for flame-spraying, which provides a satis- 
factory answer. In fact, flame-spraying techniques are 
rapidly advancing to meet the requirements of high- 
temperature thermal insulation and erosion resistance. 

In this process, the coating material is forced at high 
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pressure through a spray gun, and the high temperature 
produced in the combustion chamber readily melts the 
refractory material, which is projected onto the surface 
of the part to be coated. Upon contact, the molten 
droplets flatten and bond to the base and to each other, 
and the coating gradually builds up to the desired 
thickness. The part itself can be cooled or kept at a 
temperature at which the desired base-metal properties 
are retained. 

Three general types of flame-spraying equipment have 
been developed, using feed materials which can be either 
liquid, powder, or rod. Many spray guns are available 
commercially, and all appear to be quite effective. An 
automatic set-up can be employed for powder flame- 
spraying symmetrical parts such as rocket nozzles. Hand 
spray guns are useful for flame-spraying cermets such as 
nickel-magnesium oxide and other combinations. 


Plasma-Arc Spraying 


The adaptation of the plasma arc for powder- 
spraying has made it possible to melt (or plasticize) and 
spray materials having the highest melting points yet 
known. This capability, plus the advantage of atmos- 
phere control during spraying, has improved and will 
extend refractory-coating applications. Thus, defence 
programmes and developments in the aeronautic and 
astronautic fields have brought about a requirement for 
materials capable of operating under conditions of high 
heat flux and high temperature. Requirements for heat 
shields for satellite re-entry and glide re-entry have posed 
material problems beyond current technology. 

In a typical plasma-spray system, monatomic or 
diatomic gases pass through an electric arc (at 26,000°F) 
contained in a water-cooled tube. Powdered materials 
are usually introduced downstream of the arc, where 
they are melted or plasticized and are carried at high 
velocity by the plasma to the workpiece. Refractory 
metals, oxides, carbides, nitrides, borides, and silicides 
can be sprayed. 

An important byproduct of the plasma-arc technique 
is the potential for tailor-made new engineering materials, 
one example being a tungsten-zirconia rocket nozzle 
built up in layers by plasma-flame spraying, with the 
composition of the wall varying in uniform steps from 
100% tungsten inside to 100° zirconia outside. 


Combinations of Different Coating Techniques 


It must always be borne in mind that considerable 
technical knowledge is required before successful 
coating can be achieved, particularly in complicated 
applications. However, once the basic coating techno- 
logy has been assimilated, it is possible to tackle 
complicated problems with confidence, 

In this connection, it may be mentioned that unusual 
and highly successful results can sometimes be achieved 
by combining two or more coating techniques. For 
example, an exhaust stack—aluminized on the inside 
and ceramic-coated on the outside—provides good 
oxidation resistance and protection azainst lead products, 
carbon, and sulphur on the inside, and also reflects heat. 
The outer ceramic layer provides oxidation and corrosion 
protection and improves the heat-emission characteris- 
tics. This combination of reflectivity on the inside and 
emissivity on the outside keeps the exhaust manifold much 
cooler than it would be if it were either uncoated or 
coated by only one process. 
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Electrical Aids in Industry 


Speed control of Electric Motors 


‘Variable’ speed may involve two or three 
(or more) speed steps or infinitely variable 
(stepless) speed control. It is this latter type 
which is considered below. Of the many 
advantages of electric drives, the oppor- 
tunity offered for infinitely variable speed 
control is outstanding. Unfortunately, this 
advantage is not used as much as it might be. 


Principal Factors Affecting Choice of Drive 
(a) First cost, (b) Efficiency, (e) Speed 
range, (d) Regulation, (e) Power-to-weight 
ratio, (f) Availability of supply, (g) Main- 
tenance and reliability, (h) Change in power 
and torque over the speed range, (i) Sim- 
plicity of control gear, (j) Effect of variation 
in supply, (k) Power factor, (1) Character- 
istics of the load, (m) Operational environ- 
ment, (n) Braking requirements. 


The following are some methods of obtaining 
infinitely variable speeds: 


Alternating Current Motors 

The vast majority of electric drives employ 
A.C. motors. Although not quite as flexible 
as D.C. motors, there are available many 
types which give a large measure of speed 
variation. 

INDUCTION MOTORS. Although the squirrel- 
cage motor is essentially a constant-speed 
machine, it is much used for stepless variable- 
speed drives with one of the following types : 

(a) Eddy-current coupling, 

(b) Ferro-magnetic particle coupling, 

(c) Mechanical drives, e.g., belt drives 

and friction drives, 

(d) Hydraulic variable-speed drives. 
SLIP-RING MOTORS. The slip-ring motor, 
which costs more than the squirrel-cage 
motor, can be varied in speed by means of 
the resistors in the rotor circuit used for 


starting. The amount of resistance in circuit 
can be varied by hand, push-button or 
automatically controlled contactors. 

A.C. COMMUTATOR MOTORS. These are three- 
phase induction motors provided with 
additional windings which, through a com- 
mutator and brushes, permit speed adjust- 
ment in either direction below and above 
synchronous speed. The brush gear can be 
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automatically controlled so as to vary the 
speed in accordance with a known pro- 
gramme or cycle of operation. 


Ward-Leonard System 

In this system the armature of a D.C. motor 
is supplied at variable voltage from a 
separate generator. The generator may be 
driven by an A.C. or D.C. motor directly 
coupled to it and to an exciter which sup- 
plies the field windings of the generator and 
main motor. By means of a potentiometer 
resistance, the generator voltage may be 
varied from maximum to zero. 


Electronic Motor Control 

The speed of motors can be controlled 
accurately by electronic methods. Such drives 
can respond in any desired manner to varia- 
tions, and several drives can be interlocked 
so that their speeds are always in the same 
ratio. The system can be speeded up or 
slowed down from a ‘master’ controller, but 


for ‘running in’ purposes the speed of each 
drive can be individually regulated. Elec- 
tronic speed control has been successfully 
applied where human control is not possible, 
e.g., in register control. In this example print 
must always be placed at exact positions on 
packaging raaterial. 


Direct Current Motors 

The striking advantages of D.C. motors 
sometimes make it worth while installing a 
motor-generator set, a mercury-arc or semi- 
conductor rectifier. The speed of D.C. 
motors is easily controlled by inserting a 
resistance in series with the motor. Although 
this can result in a certain amount of wasted 
electricity, the benefits derived will often 
heavily outweigh such losses. 


For further information get in touch 
with your Electricity Board or write 
direct to the Electrical Development 
Association, 2 Savoy Hill, London, 
W.C.2. Telephone : TEMple Bar 9434. 


Excellent reference books on electricity 
and productivity (8/6 each, or 9/- post 
free) are available—‘Electric Motors and 
Controls’ is an example. 


E.D.A. also have available on free loan 
in the United Kingdom a series of films 
on the industrial uses of electricity. Ask 
for a catalogue. 
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British Industrial Developments 


Fully Automated Production Line for 
Motor-Car Lay-Gears 


Designed to manufacture layshafts for motor-car 
gearboxes, the new C.G.M. fully automated gear- 
production line for the Austin Motor Company, 
announced by Charles Churchill and Co. Ltd., of 
South Yardley, Birmingham, is capable of producing 
4500 gears in 70 hr at 100% efficiency. Although the line 
incorporates five different types of machine tools, 
together with washing stations, automatic handling 
throughout the 200-ft gear line is achieved with the use of 
only two types of automatic machine loader and two 
types of “between-machine’” conveyor mechanisms. 
The grinding machine, which is a separate unit, has a 
single loading arm, using a similar method of operation; 
unloading is, however, effected by gravity. 

The C.G.M. hydraulically operated auto-loader used 
on the gear-shaving machines is of improved design and 
is so arranged that, from the preload position, a trunnion- 
type gripper places the component between two hydraulic- 
ally operated work-holding centres. On completion of 
the shaving cycle, the centres withdraw and, at the same 
time, a lever supports the gear and deposits it on the 
gravity conveyor, from which it rolls into a vertical 
elevator. The C.G.M. auto-loader also satisfies the load- 
ing requirements of the Churchill gear rounders and the 
gear chamferers. Nine auto-loaders are therefore used in 
the line, covering all the horizontal-axis machines, i.e , 
four Churchill gear shavers, three gear chamferers, and 
two gear rounders, except that the latter are air-operated 
instead of hydraulically operated. 

The “‘between-machine” conveyors are also of two 
standard types, one for vertical- and the other for 
horizontal-axis conveying. Prior to gear-cutting, the 
lay-gears are machined all over, including the centre hole, 
each end of which is cone-centred to provide the location 
for all subsequent operations. One of these turned 
blanks is illustrated in the upper part of Fig. 1. 








Fig. 1 
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The automatic line commences with a bank of eight 
Model S.815 Mk.-IV Churchill “Rigidhobbers” arranged 
hydraulically and electrically for in-line loading (Fig. 2). 
To achieve the production required, three of the eight 
machines hob the fourth-speed gears, three machines 
hob the third-speed gears, and the remaining two machines 
hob the first-speed gears. The lay-gears introduced to 
the conveyor move to the first of the three hobbers for the 
fourth-speed gear and build up a small storage bank of 
gears. Further components are deflected to by-pass the 
bank and feed the second and third machine, again 
forming small banks. The first component to reach the 
machine moves into a preload arm, operating a micro- 
switch which signals the start of the machine cycle, when 
the pre-load arm slides the component across the 
conveyor to the “pick-up” station, where the transfer arm 
grips it and then lifts and transfers it to the cutting 
position. After a predetermined time delay, the preload 
arm returns to the centre of the conveyor, allowing 
the next component to move into position, ready for 
pre-loading when the machine has completed the full 
cycle. 





Fig. 2 


After gear-cutting, the transfer arm returns the 
lay-gear to the conveyor on the inner of three tracks into 
which the conveyor is divided, and along which it moves 
to by-pass the next machine, but is diverted back into the 
centre track for feeding the next three machines. The 
outer track is used by the components which by-pass a 
storage bank to supply the next two machines. A gate 
mechanism prevents them from moving along the inside 
track to pass a machine when the machine is being loaded. 
With this type of conveyor mechanism, the machines are 
individually operated. Any one of the eight machines 
can be stopped for tool changes, without affecting the 
remaining machines, and each machine will wait and 
automatically start up when a component moves into the 
preload arm. The eight machines can therefore balance 
out their production times and can each be operated for 
a sufficient length of time to enable the preceding 
machine to be tool-changed. 

Leaving the bank of hobbing machines the lay-gears 
next pass to the end of the conveyor, where they turn 
over under gravity onto horizontal guides, on which they 
roll to a Churchill ““Gear-Wash” for cleaning, using a hot 
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The filament in almost every bulb is drawn 
throughadiamond die. In their many forms, 
diamond tools help to make practically 
everything you can think of. 

Nothing cuts, grinds, or polishes faster or 
more accurately than a diamond tool. 
Why not see what diamonds can do for you? 


To find outifindustrial diamonds can benefit 
you, contact the Industrial Diamond Infor- 
mation Bureau. Backed by the Diamond 
Research Laboratory in Johannesburg (the 
largest laboratory in the world devoted to 
diamond technology), the Bureau offers you 
information and advice without obligation. 
Please write to the address below. 


The Industrial Diamond Information Bureau 


2 CHARTERHOUSE STREET (Dept. 3), Lonpon, E.C.1. 
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chemical high-pressure spray system and removing all 
cutting oil and swarf. The duration of the hot spray is 
short and is insufficient to raise the temperature of the 
gear to affect gauging. An air-jet system dries the lay- 
gears before they leave the washing station to roll onto a 
tip-over attachment onto the gear-shaper conveyor, and 
thence to the five shaping machines, where the second- 
speed gears are shaped. These machines, some of which 
are shown in Fig. 3, are Fellows-England type-7125A 
high-speed gear shapers, made by Alfred Herbert Ltd., 
of Coventry, and are fitted with C.G.M. transfer arms, 
hydraulic equipment being specially provided to operate 
the transfer arm and the machine tailstock. 


Fig. 3 


The gears then pass to three Churchill gear-chamfering 
machines and two Churchill tooth-rounding machines. 
These machines are designed round the Churchill auto- 
loader, and can be used for varied machining operations 
by means of different cutter heads and various forms of 
tooling. The lay-gears are loaded into the chamfering 
machines by standard C.G.M. auto-loaders and are 
clamped by headstocks and tailstocks similar to those 
used on the shaving machines. The gears are meshed in 
backlash with a rotary cutter, the head of which moves 
quickly to the left and to the right, in order to chamfer 
both sides of the teeth to remove the acute edges of the 
helical gear. 

After chamfering, the lay-gear is released and is 
lowered onto a discharge chute which passes directly 
through the machine column. From the end of the 
discharge chute it is elevated and placed on the supply 
chute for the next machine. Micro-switches, fitted to the 
chute, signal to the appropriate machines to stop when 
the chutes are either full or empty. 

Leaving the chamferers, the components pass to the 
Churchill tooth-rounders, where they are held by 
pneumatically operated headstocks and _tailstocks, 
turned by the geared headstock, which, at the same time, 
oscillates the table in the correct sequence for tooth- 
rounding. The pencil-type cutter, carried in a substantial 
quill, can be rapidly retracted to allow components to be 
automatically loaded. The components are next passed 
through another ‘““Gear-Wash” and are then de-burred 
by hand and loaded onto the supply chute for the next 
machines, i.e., four Churchill F.A.U. in-line gear 
shavers. To provide straight-line loading, the tables of 
the shaving machines have been turned through 90 deg., 
loading again being accomplished by the Churchill 
auto-loader. 

In the case of the shaving, rounding, and chamfering 
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machines, the conveyor mechanisms provide storage banks 
at each machine, with electrical signalling to the corres- 
ponding machine in the event of a chute being empty or 
full. With these storage facilities, any of the machines 
can be tool-changed without stopping the line, the bank 
being sufficient to feed the following machine for the 
period of time required to change tools. 

Leaving the shaving machines the lay-gears pass 
through another washing station and roll to a bank 
supplying a grinding machine, on which the outside 
diameters of the three helical gears are ground by a formed 
wheel fitted with automatic wheel-truing compensation 
This machine, supplied by the Newall Engineering Co.., 
of Peterborough, is a type L.A.12 cylindrical grinder, 
and is fitted with a Newall design of pneumatically 
operated loader, which is similar in operation to the 
C.G.M. transfer arm, but applied to the horizontal axis 
The lay-gear is gripped, lifted, and then transferred by the 
arm to the grinding position. After grinding, it is released 
and rolls down a curved chute to a standard section of 
conveyor, where the automatic gear line ends. The 
finished lay-gears, one example of which is shown in the 
lower part of Fig. 1, are then ready for transfer to heat 
treatment. 


Portable Finish-Boring Machine 
for Coupling Flanges 


Specifically designed for finish-boring holes in 
coupling flanges, the new Model F.M. portable machine 
introduced by the Buma Engineering Co. Ltd., of 
Newcastle-upon-Tyne 6, is specially suitable for applica- 
tions where a restricted space of only 22 in. is available, 
or even less in the case of narrower flanges. As the 
machine is clamped to the periphery of the flange itself, 
coupling shafts with tapered diameters do not affect 
mounting in any way. The tungsten carbide cutter used 
is set to size by a special micrometer supplied with the 
machine, and cutter sharpening is carried out with a 
built-in metal-bonded diamond wheel, using jigs to 
ensure the correct cutting angles. Stepped vee-pulleys 
give a range of three speeds, and automatic feed is also 
provided. 


The standard machine is designed to bore parallel 
holes only and is supplied with a plain cylindrical boring 
bar, which runs in high-precision combined thrust and 
needle roller bearings, housed in brackets at each side of 


the flange to ensure maximum rigidity. However, a 
taper-boring unit is available as an optional extra and 
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Five per cent of Vanadium, in addition to 
Cobalt, makes Vanleda one of the most 
valuable steels in the modern machine shop. 
Possessed of a very high resistance to 


abrasion its use for single point tools on high 
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the asking. 
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can be installed in the machine without any modification. 
In this unit, the cutter is located in a carriage which slides 
on frictionless bearings along two guide-rails, pivoted at 
one end and angularly adjustable at the other end. 
Simple and accurate setting of the angle of taper is 
obtained by means of a suitable distance-piece located 
under the setting pin. 


Tangential-Flow Fans 


Operating on the tangential-flow principle of air 
circulation, the Firth Cleveland fan is now being 
produced in the U.K. by the Accessories Division of the 
Solarton Electronic Group, a member of the Firth 
Cleveland Group of companies, who have obtained the 
U.K. manufacturing and marketing rights from the 
German inventor, Nikolas Laing. This type of fan, 
which has enjoyed an extraordinary popularity on the 
Continent since its introduction in 1960, is stated to 
provide the most turbulent-free air stream until now 
possible and to give a higher aerodynamic power output 
from a given frontal area at a given rotational speed 
than any other kind of fan in the low- and medium-power 
ranges. 


The principle of tangential flow involves setting up a 
silently spinning vortex of air with its centre just inside 
the impeller. In a typical unit with a cylindrical impeller, 
this vortex is set up by the impeller and a vortex-former, 
which comprises an L-shaped barrier set at an angle to 
and running the length of the impeller. The presence of 
the vortex-former sets up a cylindrical vortex of air 
positioned between the inlet and outlet ducts of the fan 
unit, with its axis parallel to the axis of the unit, the shape 
of the vortex-former stabilizing the centre of the vortex a 
very short distance from the inner edges of the impeller 
blades. Consequently, the vortex rotates with a high 
angular velocity and its periphery couples with the input 
and output air streams, pulling them past the blades of 
the impeller at a higher velocity than the peripheral speed 
of the blades themselves. In this way, a high air velocity 
is achieved with a low peripheral blade speed and, as the 
blades are traversed twice, more throughput per unit 
frontal area is obtained than is possible with any other 
type of air-circulation device. Also, because the impeller 
blades run at a much slower speed than those of conven- 
tional fans, noise is very greatly reduced. 

These advantages can be used in various ways. For 
example, the blower can be made exceedingly small or it 
can be made to run at exceptionally low peripheral 
speeds; similarly, it can be made to deliver an unusually 
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high pressure or to provide very high efficiency and 
hence to operate with a smaller motor. Thus, for 
example, devices in various stages of research and 
development include a hair-dryer not much larger than an 
electric shaver; a self-contained vacuum-cleaner not 
much heavier than a broom; a silent car-heating unit; 
an ultra-quiet cooling fan for slide projectors, coping 
with a 300-W lamp in a 150-W space; and a car-engine 
fan designed to save nearly 10% of the peak engine power. 

One typical application is in the Firth Cleveland 
domestic fan-heater unit, already in production. As can 
be seen from the illustration, this unit is of compact flat 
design and readily lends itself to incorporation into 
a wide variety of neat and portable casings as designed 
and produced by manufacturers of domestic-heating 
appliances. The basic unit comprises a shaded-pole 
motor, a temperature-resistant plastic rotor, a heat 
exchanger, a thermal safety cut-out, and the necessary 
metalwork, which incorporates the vortex-former and 
fan diffuser and forms a framework for the entire 
assembly. Optional extra items include a multi-position 
mains switch, a room-temperature thermostat, and a 
motor resistor for running at slow speeds. The helically 
wound heating element is of the ribbon type and operates 
at black heat only, but generates over 2 kW of heat. A 
stream of directional non-turbulent air is drawn through 
the heating element at the output duct of the heater, 
whence it emerges in a smooth flow which travels at 
least 15 ft before it is broken up by convection. In fact, 
it is stated that, despite its small size, this design is 
capable of warming a room more quickly than any other 
radiant type of heater or fan convector of equivalent 
rating yet devised. 


Bellows Expansion Joints For 


Pipe Systems 

The latest addition to the range of pipe-suspension 
equipment produced by Vokes Genspring Ltd., a 
member of the Vokes Group, of Henley Park, Guildford, 
Surrey, is their range of “Genflex’’ bellow expansion 
joints. Their main function is to absorb movement in 
pipelines and ducting, occasioned by thermal expansion, 
vibration, and misalignment, though they can also be 
used to advantage in shaft seals, packless glands and 
valves, expansion pockets, and flexible joints. As 
distinct from the conventional method of absorbing pipe 
movements by means of expansion loops, which are 
extremely bulky and expensive to install, these new units 
are compact and flexible, and are designed to absorb 
movement and vibration in all planes, simplifying 
installation and reducing maintenance. 

The standard bellows is produced from 18/8 cold- 
rolled stainless-steel sheet, welded into a tube with a 
longitudinal butt weld under accurately controlled 
conditions. Convolutions are then formed on a specially 
designed machine, a special feature of their construction 
being that they are produced without any circumferential 
welds. For special applications, these bellows can be 
manufactured from Nimonic 75 for temperatures over 
750°C and from Monel metal, Inconel, and titanium 
for use under unusually corrosive conditions. Sizes 
normally range from 3 to 120 in. diameter, but bores of 
more than 120 in. diameter can be made to suit require- 
ments. In addition, rectangular and other special types 
of bellows can be fabricated to large sizes. All patterns 
of restraint, e.g., hinged, gimbal, tied, or articulated, and 
with any type of coupling are available. 
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Mechanized Submerged-Arc 
Squirt-Welder 


Manufactured by the Lincoln Electric Co., of Cleve~ 
land, Ohio, and marketed in the U.K. by Armco Ltd., of 
London, W.1, the new “Idealarc’”” Model ML-3 sub- 
merged-arc squirt-welder is an extremely versatile 
semi-automatic unit in which wire and flux are con- 
tinuously fed to the welding gun from a flux container 
and reel mounted on the unit. The gun is traversed 
automatically by a small variable-speed motor mounted 
on the gun itself and driving a small wheel, enabling any 
speed variation between 0 and 70 ipm to be made. 


This unit makes it possible for an operator to carry 
out both butt-welding and fillet-welding on plate thick- 
nesses from as low as 4 in. up to the largest sections 
normally fabricated. Welding speeds are stated to be 
generally from two to three times faster than those 
obtained with normal hand welding, and an additional 
advantage is that there is no need for the complicated 
handling equipment associated with fully automatic 
processes. 


Quality-Control System for the 
Sheet-Metal Industries 


A new quality-control system for the sheet-metal and 
tinplate industries has been produced by the Metal 
Industries Division of The English Electric Co. Ltd. and 
can be used for sorting sheared sections of cold strip and 
for rejecting faulty pieces. Faults such as pinholes, 
off-gauge, and poor surface finish are detected during 
inspection of the continuous strip, sorting into grades 
being effected when the strip has been cut into individual 
sheets. 

Fhe system utilizes ‘“Datapac’’ standard logical 
elements in the form of plug-in packages, each of which 
contains a number of elements capable of performing a 
specific logical function. Each element can operate 
from the output of the preceding element, so that a 
series of elements can be made to form any desired 
logical system. From these standard elements, a sheet- 
classifier system of any size and complexity can be built, 
suitable for use with a line of any length and with 
cut-length ratios as high as 10:1. The first units will 
shortly be installed on a cut-up line at the Abbey Works 
of the Steel Company of Wales Ltd. and on two cut-up 
lines at Richard Thomas and Baldwins Ltd., at Ebbw 
Vale. A further unit is to be installed in a South African 
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steelworks. The unit at the Abbey Works will be on a 
steel line operating at 700 fpm, with cut lengths ranging 
from 40 to 180 in., sorting being confined to rejects and 
prime sheets. On the two tinplate lines at Ebbw Vale, 
both of which operate at 1000 fpm, with cut lengths 
ranging from 18 to 42 in., sorting will be into four piles, 
i.e., sheets with pinholes, off-gauge material, other 
rejects, and prime sheets. 

In the new system, faults detected by the appropriate 
instruments are stored in a first shift register at a point 
corresponding to the instrument position. Shift pulses, 
timed to the conveyor movement, are applied to the 
register, so that the fault signal moves in it in time with 
the movement of the faulty section of strip on the shearing 
line. The signal transfers from the register to “store 1” 
when the fault passes the shear position, indicating that 
the next sheet to be cut is a reject. When a sheet is cut, 
this is detected by a device which causes the signal to be 
transferred from “‘store 1”’ to “store 2”, indicating that 
the last sheet cut is a reject. The leading edge of this 
reject sheet is now detected by one of two leading-edge 
detection photocells and is transferred to a suitable 
position in a second register. The signal of the reject 
sheet is then shifted in the second register, so that it 
appears at a reject gate just before the leading edge of the 
sheet reaches the gate, the signal being used to prime the 
gate control to reject the sheet when its leading edge 
reaches the gate photocell. 

Two leading-edge photocells are used after the shear 
to cover the range of sheet lengths used, one being for 
short sheets, and the other for long sheets. Either 
photocell is suitable for sheets of medium length, and 
selection of the cell is automatically effected by the 
shear cut-length setting. Normally, mechanical reject 
gates are used, but more complex methods, such as 
overhead magnetic conveyors with variable drop-off 
points for the piles, can be operated with the new 
system. 





Methods of Producing Stable 
Transistors 
(Concluded from page 119) 


A complication is that transistors etched in potassium 
hydroxide and subsequently formed with arsenic exhibit 
a marked shelf after-effect. When such transistors, after 
a period of storage at room temperature, are raised to a 
higher temperature, the value of «’ gradually rises for a 
few days. When the transistors are then returned to 
room temperature, the value of «’ again declines, at 
first rapidly and then slowly, and it may be a month 
before the original value is reached. This effect is not 
found in transistors formed with a silicone grease and 
boracic acid mixture. The effect is apparently bound up 
with the presence of traces of water in the transistor 
envelope since, if the transistors are rigorously dried 
after forming (by enclosing a drying agent in the envelope), 
the result is a high and stable value of «’ without this 
shelf after-effect. 

A simpler way of eliminating this effect is to mix 
boracic acid, as well as arsenic, with the grease. This is 
the procedure with which the best results have so far 
been achieved. The transistors so treated combine the 
advantages of boracic acid and arsenic forming, i.e., 
no shelf after-effect, a high and very constant value of «’, 
and a high temperature stability. 
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FLOORS 


resist 
acids 


This photograph of a Wire 
Pickling Shop at the Firth 
Co. Ltd., Warrington, 
shows acids spilling over the 
floor — as they have been 
doing for months. Acids 
would normally have ruined 
this floor in a short time but 
the long-life protection was 
provided by Ceradek 
Screeded Epoxy Surfacing 
which is Acid Resistant. 
CERADEK also resists 
alkalies, oils, salt solutions, 
and many other corrosive 
liquids. It withstands heavy 
trucking, is non-slip ‘and 
strong, yet lightweight and 
jointless. Ceradek has 
solved many severe flooring 
problems — why not yours? 


Laid exclusively by 
TECHNICAL APPLICATIONS LTD 
Valley Works, Monton Road 


SCREEDED Eccles, Lancashire 
EPOXY FLOORING Phone : Eccles 1737 
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New Materials, 


Processes, and Equipment 


Automatic Solvent-Type Degreasing Plant 


Suitable for use with either trichlorethylene or 
perchlorethylene, the new range of automatic degreasing 
machines announced by Dawson Bros., Ltd., of Gomersal, 
near Leeds, provides a simple and speedy method of 
rendering all kinds of parts chemically clean and dry 
without the use of water, detergents, or hot air. The 
treatment is closely controlled at all times, ensuring that 
parts are completely degreased and moisture-free. 
Parts can be suspended in solvent vapour, or a combina- 
tion of solvent vapour and immersion in boiling solvent 
can be used. For superfine immersion cleaning, an 
ultrasonic transducer can be incorporated in the solvent. 
In addition, machines can be supplied with solvent- 
spraying sections, the choice of method naturally 
depending on the amount of grease, oils, or solids on the 
parts being cleaned and on their subsequent processing. 

Two types of automatic degreasing plant are available, 
i.e., for continuous operation and for batch operation. 
In the machines designed for continuous operation, the 
parts being handled are automatically transported through 
the degreasing process by means of a moving conveyor 
consisting of two continuous chains fitted with evenly 
spaced carriers in the form of cylindrical baskets or 
hanging fittings. Special loading and unloading facilities 
can be built into the machines to match up with existing 
handling arrangements. These machines are available 
for straight-through or return operation. In the straight- 
through type, the parts are loaded by an operator at one 
end of the machine and are carried through the treatment 
and finally unloaded by a second operator at the other 
end. In the return type, the parts are loaded and 
unloaded at the same end of the machine by one 
operator. 

The illustration shows a combined immersion and 
vapour degreasing machine for straight-through opera- 
tion. In this machine, the carriers first enter the vapour 
zone, where degreasing commences as the vapour con- 
denses on the parts as pure solvent. They then move 
into the first immersion tank,where the brisk boiling 
action and the natural degreasing power of the solvent 
remove grease, oils, and solids suspended in them. They 
then emerge from the liquid into the heavy vapour, where 
the cleansing and degreasing action continues, after 
which they enter the second immersion tank of clean 
boiling solvent, which is being constantly refreshed by the 
entry of pure solvent flowing from a condensing coil. 
This immersion treatment thoroughly rinses the parts 
clean of all traces of soilage before they emerge and pass 
finally through the heavy solvent vapour. When the 
parts pass out of the vapour, the heat imparted in the 
treatment, combined with the volatile character of the 
solvent, enables them to dry quickly and completely 
before they reach the unloading position. The cleaned 
parts are completely odourless. 

A special feature of the machine is that the processing 
time is under the direct control of an automatic timer, 
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so that the operator cannot advance the conveyor until the 
requisite period has expired, ensuring that the parts 
receive the full treatment required. Another feature of 
interest, both from the point of view of economy and 
saving of space, is a continuous distillation system built 
integrally into the machine and designed to ensure the 
maximum possible recovery of vaporized solvent and, 
by means of a system of overflows, to weir surface dirt 
and sludge from the immersion tanks into a still tank. 
Furthermore, the totally enclosed construction of the 
machine, combined with a number of safeguards, 
virtually eliminates the possibility of any loss of solvent 
to atmosphere. Heating can be effected by steam, 
electricity, or high-pressure hot water. In addition, as 
shown in the illustration, a pure-solvent storage tank 
can be fitted on top of the machine, or either adjacent to 
or remote from it. The overhead tank feeds the second 
immersion tank by gravity, whence it weirs over into the 
first immersion tank, which in turn overflows into the still 
tank, filling all three tanks to the requisite level. 


The machine designed for batch operation is a com- 
pact dip-type unit, which is also available as a vapour 
machine or as a combined immersion and vapour 
machine. Three sizes are available, i.e.,- with suitable 
grids for direct loading of the work onto a platform or 
one, two, or three baskets, each measuring 18 in. square 
by 12 in. high and with a maximum load per basket of 
75 lb. In operation, the work to be cleaned is pushed 
onto a pneumatically operated platform, and a starter- 
button is pressed, causing the platform to lower into 
position in the treatment zone, where it remains for a 
fixed period predetermined by an automatic timer. The 
solvent dissolves the grease and oil, which fall to the 
bottom of the tank. At the end of the cleaning period, also 
fixed to suit the condition of the parts being cleaned, the 
platform is automatically raised out of the treatment zone 
to the unloading position. In addition to straight- 
through operation, these machines are also available for 
operation from one side only, where required. 
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How much do you know about 
SILICONE FLUIDS 


Did you realise that they have: 

w Exceptional thermal stability 

w Excellent viscosity temperature characteristics 

w Extreme resistance to oxidation and shear breakdown 
w Low volatility 

w@ High flash points 


No? Well why not find out more about these versatile fluids and 
the way that they are already being used by industry. Our publi- 
cation ‘Engineering Guide to M S Silicone Fluids’ (G11) sets 
out numerous application examples and gives further particulars 
of the properties—why not write for a copy today—now! 

If your requirement is more for silicone lubricants and greases 
then ‘Silicone Lubricating Fluids & Greases’ (G14) is the 
publication for you. 





Engineering guide to @YES 


reliable, uniform 
performance in 
viscous damping 
springing, coupling 
and 

related mechanical 
applications 


e*eeeeeveeeeveeeeeeeee ee 
Please send mea copy of your illustrated booklet: 
‘Engineering Guide to MS Silicone Fluids’ 
‘Silicone Lubricating Fluids & Greases’ 
MIDLAND SILICONES LTD ame 
(Associated with Albright & Wilson Ltd and Dow Corning Corporation) 


Company 
first in British Silicones 


Address 
68 Knightsbridge - London - SW1 - Tel: Knightsbridge 7801 
Area Sales offices: Birmingham, Glasgow, Leeds, London, 


Manchester - Agents in many countries eeeeeeeeeeeeeereeeeeeeeeeeeeeeeeeeeeeese 
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Lightweight Industrial Gas Turbine 


Although specifically designed for industrial purposes, 
the new Austin 250 gas turbine announced by The 
Austin Motor Co. Ltd., of Longbridge, Birmingham, 
may at the same time be considered a link in the ultimate 
development by the British Motor Corporation of a 
250-hp gas turbine for high-speed commercial vehicles 
and other forms of transport, including motor cars. 
Weighing only 900 Ib and measuring 37 = 35 = 51 in. 
high, the new turbine (Fig. 1) develops 250 bhp and has 
an excellent weight /power ratio, compared with that of a 
piston engine, i.e., about 3-6 Ib/bhp for the turbine, as 
against an average of about 6 lb/bhp for a petrol engine 
and about 10 Ib/bhp for a diesel engine. Furthermore, 
because of the relatively high cycle temperature of 800 C 
employed, a high thermal utilization can be achieved in 
applications where use can be made of the exhaust heat 
for process work. Another outstanding advantage is 
that it can use virtually any fuel, ranging from light 
diesel oil or gas oil to kerosene or any distillate to 
gaseous fuels, e.g., methane. 





Fig. 1. 


The turbine is a single-shaft machine in which the rotor 
(Fig. 2) of an axial-flow two-stage turbine drives a single- 
stage centrifugal compressor at a speed of 29,000 rpm, to 
give a pressure ratio of 3-5: 1, power being taken from 
the turbine rotor through a reduction gearbox to the final 
drive shaft. A single combustion chamber is used, fuel 
being supplied through an atomizer from a piston-type 
fuel pump incorporating a governor control to maintain 
the required running speed. Cooling air is directed from 
the compressor to the turbine discs and blades, keeping 
them at a much lower temperature than that of the hot 
exhaust gases passing over them. Lubricating oil is 
contained in a 20-gal steel tank which also forms a bed on 
which the engine and gearbox are mounted. 

Starting is automatic and is initiated by a push- 
button, the unit being driven up to light-up speed by a 
24-V d.c. motor mounted on the gearbox and driving 
through a sprag-type clutch. The instrument panel 
carries a tachometer, a maximum gas-temperature 
indicator, fuel and lubricating-oil pressure gauges, an 
engine-hours meter, and the starter button. Automatic 
devices are incorporated in the unit to protect it against 
over-speed, excessive gas temperature or bearing 
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temperature, or loss of lubricating-oil pressure. Silencing 
is effected by intake and exhaust silencers which, 
together with sound-absorbent covers, are claimed to 
render the turbine as quiet as or even quieter than the 
equivalent piston engine. 





Fig. 2. 


The Austin 250 gas turbine is initially available in 
three forms, all without heat exchangers, i.e., coupled 
to a 160-kW alternator, coupled to a centrifugal water 
pump, and as a separate power unit for driving almost 
any kind of industrial plant. The fuel consumption is a 
little over 33 gph under full load, and the output speed is 
normally 1500 rpm., e.g., for the turbo-alternator 
combination, though the unit can be supplied for any 
required output speed. The turbo-pump combination is 
capable of delivering 2500 gpm of water at 100 psi with a 
suction lift of 10 ft. In the marine field, the turbine could 
constitute an excellent power unit .for high-speed 
launches, and could also be used in other marine applica- 
tions. In addition, it could be used for providing com- 
pressed air for starting aircraft turbines, as it is capable 
of supplying up to 24 Ib/sec of air at 50 psi. Also, ducted 
through a boiler, it could provide steam or, alternatively, 
because of the cleanness of the exhaust gas, it could be 
used in a direct duct system in many kinds of drying plant. 
A heat-exchanger version of the turbine is being planned 
and, when launched, the field of application will un- 
doubtedly be widened still further. 


~ 


Flame Controllers for Multi-Burner 
Installations 


Fully transistorized, with plug-in circuitry and an a.c. 
coupled amplifier, a new range of flame controllers for 
safely igniting and monitoring multi-burner installations 
in industrial concerns has been developed by Ether Ltd., 
Combustion Safeguard Division, of Stevenage, Herts., 
and is suitable for use with gas-fired and oil-fired burners 
or with burners working on a combination of both types 
of fuels. Furthermore, these controllers are able to 
discriminate between flame and flame radiation, being 
unaffected by flame radiation. Up to six flames can be 
controlled simultaneously, using for each flame a lead 
sulphide cell and a transistor amplifier sensitive to the 
modulated component in the flame radiation The 
presence of the flame is indicated by an output signal 
from the transistor amplifier, which, in turn, switches a 
silicon transistor. 

The circuitry of these controllers is arranged in such a 
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NMobtux Gréasé is a lithium base 
lubricant of excellent structural stability and 
purity. It is a new, general-purpose grease 
superseding conventional greases. It provides 
effective lubrication for the majority of grease 
applications over a temperature range from 
minus 20°F to 250°F. It is exceptionally resistant 
to water washing and contains special 
additives to prevent rust formation. Both in 
the laboratory and in the field Mobilux Grease 
has proved its outstanding efficiency as a 


lubricant and protector. 


MOBILUX 
GREASE 


ECONOMY, SERVICE inNDUSTRIAL LUBRICANTS 
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Pcs are 


way that the pilot relay, which interlocks the flame relay 
and safe-start relay, cannot be energized until all the 
transistors are switched to the “flame-on” position, the 
absence of one or more flames de-energizing the pilot 
relay and indicating an alarm condition. When switched 
on, the internal main connection is delayed for a pre- 
purge period, variable between 30 and 120 sec, after 
which an ignition light is switched on. A push-button is 
then pressed, causing a solenoid valve in the pilot-burner 
line to open and, at the same time, the ignition trans- 
formers ignite the pilot burners by sparking. The lead 
sulphide cells then “‘see’’ the flames and immediately 
register the “‘flame-on”’ position, and the main solenoid 
valve is energized to open the main fuel supply. If the 
burners are controlled by a modulating valve, the 
interlocking contacts (which have until now held the 
valve in the “‘low-fire” position) operate and allow the 
burners to go on control. If flame failure occurs, the 
pilot valve and main valve close, the control valve closes 
to the “low-fire”’ position, and the alarm signal is given. 


Linear-Measurement and Position 
Control System 


Combining the advantages of two well-known systems 
of measurement, i.e., the slip-gauge and the a.c. bridge, 
the new linear-measurement and _ position-control 
system announced by Reilly Engineering Ltd., of 
Guildford, Surrey, provides a simple, reliable, and 
highly accurate method of electronic length measurement 
and positioning for high-speed production or laboratory 
use. Essentially, the system comprises a number of 
identical slip-gauges in the form of rings mounted on 
a shaft and clamped firmly together, as well as a 
sensing head sliding on the shaft and an indicator unit. 
The slip-gauge rings on the shaft are connected to an a.c. 
supply and, when the sensing head moves along the shaft, 
the voltage induced in it provides an exact indication of 
its position on the shaft. There are no moving parts in 
the transducer, other than the sliding sensing head, and 
the associated electronic circuits incorporate transistors 
and printed-circuit techniques, as well as stable and 
reliable transformers and switches, ensuring long and 
trouble-free operation. Various shaft lengths are 
available, capable of measuring from 0 to | in. up to 
0 to 100 in., with corresponding accuracies of +-0-00003 
in. in 1 in. to +0-001 in. in 100 in., repeatability being 
better than these values by a factor of 10. Position is 
indicated within 10 sec of switching on the unit, no other 
warming-up period being required. 

The position of the transducer head can be indicated 
in a number of ways, utilizing a self-setting type of 
indicator or a simple hand-set type, such as that shown 
(in conjunction with a 20-in. transducer) in the illus- 
tration. In the hand-set type of indicating unit, there are 
as many decade switches as are needed for the required 
fineness of setting, and a centre-zero meter. Thus, for 
example, a 10-in. transducer has five decade switches, the 
first with 10 steps representing 1 in. each, the second with 
10 steps representing 0-1 in. each, and so on to 
the last, which has 10 steps, each of 0-0001 in. 
The meter is calibrated to +0-001 in. on the most 
sensitive range and moves either to the left or right, 
depending on whether the transducer head is to the left 
or right of the position indicated by the decade switches. 
With the transducer in a given position, the switches are 
adjusted one by one until the meter reads zero, this 
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operation taking on an average about 10 sec. The zero 
position can be adjusted to within +0-00005 in. as 
indicated by the meter, and a movement of +.0-00002 in. 
is clearly visible on the most sensitive range. The self- 
setting type of unit fulfils the same function as the hand- 
set indicator, except that, when the transducer is adjusted, 
the switches are automatically adjusted to indicate the 
position on number lamps, and provision can be made 
for this measured position to be recorded on punched 
tape or to be typewritten. 





Another way of using the head is to adjust the 
switches to the required position, and to move the head 
until the meter reads zero; for instance, on a mill, lathe, 
or jig borer, the shaft is clamped to the bed and the head 
to the moving part, e.g., slide or table, the switches are 
set to position, and the machine is adjusted until the 
meter reads zero—by hand or motor. It should also be 
noted that, where the transducer is used for inspection 
purposes, the decade switches can be made to follow the 
position of the head automatically; in other words, when 
the head is moved to a new position, a set of switches is 
automatically adjusted in an average time of 1-5 sec to 
indicate the head position. 


Miniature Pressure Switches 


A new range of miniature pressure switches» 
announced by Londex Ltd., of London, S.E.20, is 
primarily intended for applications where the space 
available is restricted, enabling a neat and economical 
installation to be made in cases where a number of such 
switches must be fitted. Designed for use with non- 
corrosive liquids and gases up to a maximum temperature 
of 100°C, these switches, designated Type PS/MIN, have 
a nett weight of only 5 oz and are supplied prewired 
complete with 4 ft of three-core cable. The body of the 
switch is of nickel-plated brass and incorporates a 
hydraulically formed seamless phosphor-bronze ‘bellows 
as the pressure-sensitive element. 

These switches are normally available in three 
versions, i.e., for maximum pressures of 200, 300, and 
350 psi respectively. Although basically intended for 
applications where the pressure at which the contacts 
operate is preset, internal adjustment can be made by 
means of an external screw between limits of 10 and 30 
psi for the 200-psi version, 15 and 80 psi for the 300-psi 
version, and 55 and 180 psi for the 350-psi version. The 
single-pole change-over snap-action silver contacts of all 
these versions have maximum ratings of 5 A resistive or 
2 A inductive at 250 V a.c., and 2 A resistive or 1:5 A 
inductive at 30 V d.c. A special double-pole change-over 
version, designated Type PS/MIN/DP, is also available. 
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how does the effluent flow ? 


No magic wand can disperse the effluent of a factory or works; yet the necessity 
for control, if our rivers and lakes are to be kept clean, is obvious. 


The first essential is measurement and an accurate record. The Arkon liquid 
flow recorder measures, and records the flow, of any effluent from the 
corrosive to the merely noxious. The recorder is simple, accurate, easy to 
maintain and is very low priced. 


MORE ABOUT ARKON RECORDERS IN OUR ILLUSTRATED LEAFLET 
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ENGINEERING, 
MARINE, WELDING, AND 
NUCLEAR ENERGY 
EXHIBITION 


Occupying about 275,000 sq ft of floor space, the Engineering, Marine, Welding, and Nuclear 





Energy Exhibition is being held at Olympia, London, between April 20 and May 4, 1960. 


Covering 


the products of more than 500 exhibitors in the fields of general engineering, welding, power generation, 
and nucleonics, this Exhibition is almost certainly the most comprehensive of its size and type in the 


world. 


In the following pages, details of a small selection of representative exhibits by 


various 


manufacturers are given. 


Perkins Gas Turbines Ltd. 

Two new gas-turbine generating sets and a gas- 
turbine instruction set are being shown in the U.K. for 
the first time by Perkins Gas Turbines Ltd., of Peter- 
borough. Of these, the Perkins Mars gas-turbine-driven 
d.c. generator (Fig. 1) comprises a Perkins Mars gas 
turbine coupled by means of a Twiflex clutch coupling to 
a d.c. generator, continuously rated at 220 V, 30 kW, 
made by Lancashire Dynamo & Crypto Ltd. The 
generator is of standard screen-protected drip-proof 
construction, and is provided with a special high-speed 
type of commutator and armature banding. The gas 
turbine is supported in its own frame and is hand-started 
by a single hand-crank, engine acceleration being 
automatic after cranking to an output speed of about 
1000 rpm, with the fuel valve turned on at a speed of 
500 rpm. The clutch enables the inertia of the generator 
to be out of engagement during hand-cranking and during 
subsequent acceleration to an output speed of approxi- 
mately 2700 rpm, after which the clutch engages and the 
engine and generator continue to accelerate to the rated 
speed of 4400 rpm. The overall weight of the complete 
unit, excluding fuel tanks, is about 975 Ib. As an 
alternative to the standard industrial version, a marine- 
type generator, built to the requirements of Lloyds 
Register of Shipping, can be provided 

The gas-turbine instruction set consists of a 50-hp 
Mars gas turbine fitted with a dynamometer and other 
special equipment for measuring every aspect of its 





Fig. 1. 
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performance and, as such, is ideal for general practical 
instruction in gas-turbine characteristics in technical 
colleges and universities. A separate instrument console 
houses manometers, a multi-point pyrometer, a fuel-flow 
measuring device, and other equipment required for 
performance calibration. The gas turbine is fitted with a 
variable-speed governor, so that different speed line 
characteristics can be taken and the speed can also be 
adjusted for governor “droop” and ambient temperature 
A control panel on the engine includes a tachometer, a 
lubricating-oil pressure gauge, an exhaust-temperature 
pyrometer, a fuel nozzle pressure gauge, and a fuel 
control lever. 

The second gas-turbine generating set comprises a 
Jupiter gas turbine coupled to a 330-kW Smit-Slikkerveer 
d.c. generator. The turbine is rated at 525 bhp and is 
fitted with a combustion air starter, capable of starting 
the engine in 10 seconds. The complete unit weighs 
about 44 tons with base-plate and occupies a volume of 
about 400 cu ft, making it specially suitable as a means of 
providing shipbcard auxiliary power or emergency power. 
The 220-V, 1500-A generator, which is flexibly coupled 
to the turbine output shaft and runs at 1800 rpm, is of 
the horizontal, drip-proof, ventilated type, the bearings 
being force-fed by means of built-in oil pumps. The set 
can be started by remote control, while the starting 
circuit can also be energized by an undervoltage relay, 
which would bring the set into operation in the case of 
power-supply failure. If desired, electric starting can 
be supplied in place of the normal combustion air starter. 
Once the set is on load, control is effected by means of a 
governor which maintains engine speed within very 
close limits, despite large load fluctuations 


Ruston & Hornsby Ltd. 
Davey, Paxman & Co. Ltd. 

New types of engines from the large range of diescl 
units suitable for marine propulsion or auxiliary dutics 
are among the exhibits on the stand of the Ruston Group, 
comprising Ruston and Hornsby Ltd., of Lincoln, and 
the associate company, Davey, Paxman & Co. Ltd., of 
Colchester. 

The largest unit is a five-cylinder propulsion engine 
from the AT series, Ruston’s latest range of large, 
medium-speed industrial and marine diesels. This 
engine, pressure-charged and intercooled, is rated at 
835 shp at 500 rpm and is typical of the many now in 
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NOW YOU SAVE MORE MONEY 


than ever with 


* A new range of belts with up to 100%, 
higher horse-power ratings 


* Now available at little or no extra 
cost 


Modern construction methods ensure that 
Green Seal belts last longer—you can use 
fewer belts and lighter pulleys for the same 
job. Like Goodyear V-Belts already in use, 
these new belts are non-slip, cool-running 
and resilient — give utmost reliability. 


E.C. RED V-BELT 


The V-Belt with 40%, higher horse-power 
rating at no extraccost, and dimensionally stable. 


HY-T PREMIUM V-BELT 


The V-Belt with 100%, higher horse-power 
rating at fractional extra cost. This type is also 
static conducting, oil-resisting and dimensionally 
stable under all stocking conditions. 


FOR TOP HORSE-POWER RATINGS AND PERFORMANCE LOOK FOR THIS GREEN SEAL 
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service on tugs and trawlers. The AT series differs 
basically from previous Ruston designs in having the 
crankshaft carried in the main crankcase, instead of in 
the bedplate. With this arrangement, the bedplate takes 
more the form of a sump and baseplate and can be 
varied to suit particular installation requirements. The 
engine is of the direct-injection, un-directional type and 
has four valves to a cylinder, operated by a high-level 
camshaft, chain-driven from the crankshaft. The valves 
are actuated by wide-faced steel cams operating onto the 
rocker lever without the need for push rods and tappets. 
The exhaust turbo pressure-charger consists of a single- 
Stage axial exhaust gas turbine driving a centrifugal air 
compressor, with an intercooler incorporated between 
the pressure charger and the engine air-intake manifold. 
For marine applications, a self-contained forward-end 
drive assembly is provided for the service pumps and 
other auxiliaries and consists of a large pinion on the 
crankshaft driving in sun-and-planet fashion six radially 
disposed pinions to which are attached the various 
auxiliaries. 

An entirely new exhibit is the turbocharged 6YEXM 
engine, which has been developed from the well-known 
YE diesel range. This is also a four-cycle direct-injection 
type of engine, having six cylinders developing up to 
175 bhp at 1800 rpm. The pressure-charger, which 
consists of a single-stage centrifugal blower driven by an 
exhaust gas turbine and is air-cooled, is mounted on 
the exhaust manifold and is lubricated from the main 
engine lubricating-oil system. A separate lubricating-oil 
filter is provided for the oil supply to the pressure-charger. 
The engine is shown with an oil-operated 3:1 reverse 
reduction gearbox, which consists of two oil-operated 
clutches, a multi-plate clutch of bronze and steel plates 
for ahead drive, and a cone clutch with a fibre lining for 
bringing the astern gear into operation, this gear consist- 
ing of a special epicyclic gear train to provide reverse 
motion to the output shaft. Lubrication is entirely 
separate from the engine supply. A feature of the engine 
is the combined speed and reverse gear control, providing 
a single-lever finger-tip control which is also suitable for 
remote operation. 

Another new exhibit with marine-auxiliary, as well as 
industrial, applications is the two-cylinder YWAH 
air-compressor set. Actually, this is a Ruston two- 
cylinder 2YWA engine which has had one cylinder 
replaced by a Hamworthy air-cooled single-stage air 
compressor, making for a very compact and reliable unit. 
Lubrication is simplified, as the compressor is pressure- 
fed with oil through the normal engine system. This unit 
is capable of free air delivery up to 15 cfm at 350 psi, or 
18-5 cfm at 200 psi for continuous industrial duty. 

Another interesting exhibit is a 30-in. Ruston- 
Grayloc pipe connection designed for use where liquids 
and gases at high pressures and temperatures are involved. 
Made in a range to suit standard pipes sizes of from 1 to 
30 in., these connections employ techniques entirely 
different from those of any other seal. Thus, they are 
both lighter and smaller than conventional bolted 
flanged connections for a given duty, and can be made and 
broken rapidly and repeatedly, using the same seal 
member. A solid metal-to-metal joint is formed which is 
normally stronger than the pipes to which the connection 
is attached. 

Three engines are being displayed from the Paxman 
range. Of these, from the 230- to 610-bhp air-cooled 
range, the 8YGAXM is a 320-shp unit fitted with a 
reverse/reduction gearbox made by the Self-Changing 
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Gear Company. Representing large engines made for 
traction purposes is a 12YJCL Vee-form 12-cylinder 
intercooled pressure-charged unit having a continuous 
rating of 1500 bhp at 1400 rpm. This is one of the most 
powerful and modern British-designed engines at present 
available, by virtue of its relatively small size and weight, 
the low weight and compact dimensions being largely 
achieved through the extensive use of fabricated steel in 
its construction. 

The third exhibit in the Paxman range is a marine 
auxiliary generating set powered by an 8RPHCZ 420-bhp 
pressure-charged engine. This eight-cylinder engine 
from Paxman’s long-established 7-in. bore range has a 
long record of successful service in a variety of applica- 
tions and is characterized by outstanding reliability, the 
period between major overhauls often exceeding 18,000 
running hours. It also represents the recent extension 
by Paxman’s of pressure-charging to include the four, 
six, and eight cylinder versions of their 7-in. bore diesel 
engines. 


Bristol Siddeley 


A representative range of Bristol Siddeley exhibits 
includes examples of applications of their “Proteus” and 
“Olympus” turbogenerators, a model of the Bristol 
Siddeley transportable 3-MW _ generator pack, and 
examples of the Bristol Siddeley Maybach MD range of 
diesel engines for marine and locomotive propulsion in 
versions of from 4 to 16 cylinders and with power 
ranges from 360 to 3600 bhp, as well as a quarter-scale 
working model of a 1200-kW alternator set powered by 
an MD 870 16-cylinder engine. 

In addition to models of H.M.S. Brave Borderer and 
Ferocity, the former being a patrol boat using three 
compactly arranged marine “Proteus” gas turbines and 
representing the fastest class of sea-going naval vessel in 
the world, and the latter a prototype fast patrol boat 
built by Vosper Ltd., using two marine “Proteus” engines, 
a model of the transportable 3-MW generator set shows 
the versatility of this gas turbine. This mobile power 
station can be supplied in a number of forms, ranging 
from a basic engine-generator unit to a completely self- 
contained automatic set independent of outside equip- 
ment or supplies and merely requiring fuel for the gas 
turbine. In areas where adequate sources are available, 
the set can be adapted to use natural gas. 

Another exhibit is ‘a model of a 15-MW _ turbo- 
generator station, powered by the Bristol Siddeley 
“Olympus” 21,200-bhp gas turbine, which is being built 
for the Central Electricity Board at the Hams Hall 
Power Station, near Birmingham. This generator set is 
also being developed to use natural gas. 

Other Bristol Siddeley exhibits include a_ typical 
range of ball screws and splines for converting rotary 
movement into linear movement, or linear movement 
into rotary movement, with a very high efficiency over 
a wide range of temperatures and with low operating 
costs and negligible maintenance. These units range in 
size from 6 in. up to 30 ft in length, and are capable of 
operating under loads up to 160,000 Ib (825,000 Ib 
static), with lead accuracies of 0-00002 in. /ft. In addition, 
Bristol Siddeley produce a range of recirculating ball 
splines with an extremely high operating efficiency. 


Self-Changing Gears Ltd. 


Exhibits by Self-Changing Gears Ltd., of Coventry, 
cover a wide range of their products, including gearboxes, 
automatic control units, coupling units, clutches with 
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Fig. 2 


reduction gears, fluid clutches, torque converters, and 
final-drive units. Many of these units are shown in 
exploded or sectioned form to clarify their principles of 
operation. Thus, for instance, the unit shown in Fig. 2 
is an example of their R.14 four-speed epicyclic gearbox, 
which is fitted as standard to most British Railways 
lightweight diesel railcars, as well as being in railway 
service all over the world, while Fig. 3 shows a working 
oil-operated marine gearbox fitted with a perspex outer 
casing to demonstrate the complete actuation of the 
clutches used. 


Fig. 3 

Another marine gearbox is the MRF 16.B heavy-duty 
oil-operated gearbox, designed for unit construction 
with the engine and transmitting full engine power in the 
ahead and astern directions, as required. The compact- 
ness of this unit is particularly outstanding, this being 
achieved by the principle of cil operation, with the 
consequent obviation of awkward internal linkages. 
The clutches in this unit are completely self-adjusting 
and require no attention whatever between overhaul 
periods, while a neutral brake, actuated by oil pressure 
from the lubrication supply, is fitted to ensure a stationary 
propeller in the neutral position. Another interesting 
marine exhibit is a self-contained coupling unit made of 
robust seawater-resistant materials, the purpose of which 
is to couple two marine engines to a common output, 
thus giving the power of a larger engine and, when 
required, the economy of a small engine. 

Of the torque converters produced by Self-Changing 
Gears Ltd., a representative example, shown as an 
exploded model, is a single-stage unit, whose main 
functional components, ie., the pump turbine and 
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reaction member, can be clearly seen. In addition, an 
exploded model of a fluid clutch is featured, and shows the 
combination of fluid and centrifugal couplings into one 
compact unit no bigger than a conventional fluid coupling. 
In this design, the fluid-coupling section ensures a 
smooth take-up from rest, while the centrifugal element 
ensures a positive grip of the friction member at high 
speeds. Apart from rail applications, this unit has been 
found eminently suitable for use in electric-motor drives, 
and a typical application on show is in the form of a 
Sutcliffe conveyor, as supplied to the National Coal 
Board. 

Finally, mention must be made of the V.S. fully 
automatic control for lightweight diesel railcars. This 
unit makes driving of these railcars a relatively simple 
matter, by selecting gear automatically in accordance 
with a pattern designed to ensure optimum performance. 


Broom & Wade Ltd. 


Exhibits from Broom & Wade Ltd., of High 
Wycombe, include a representative selection of stationary 
air compressors and pneumatic tools, including a special 
Aro-Broomwade series of lightweight screwdrivers, and 
nut-setters and runners, as well as examples of “Mini- 
hoists” of 4- and 1-ton capacities, and multi-purpose 
“Par-a-matic” tools for various production operations. 

The range of compressors shown includes examples 
delivering oil-free air and has outputs from 3 to 525 cfm, 
the largest being the “V™ 500, two-stage double-acting 
compressor delivering 525 cfm of free air at 485 rpm. 
This unit incorporates many special features, including 
V-type 90-deg. cylinders, giving excellent running 


balance with a minimum of vibration. A special feature 
is an air-control system which incorporates a regulator 
that operates accurately to within + 1 psi and constantly 


maintains full working pressure under all variations in 
load. 


Dowty Rotol Ltd. 


Among other exhibits from the Dowty Group, 
products shown by Dowty Rotol Ltd., of Arle Court and 
Staverton, Glos., include the ““Vardel” pump, which is a 
high-pressure piston-type unit for industrial applications, 
giving hydraulic pressures up to 4000 psi, with outputs 
ranging from 2-4 gpm at 1500 rpm to 4-8 gpm at 3000 rpm 
A control mechanism is incorporated to reduce output 
flow to zero at a predetermined pressure and to give a 
high holding pressure at low power inputs without fluid 
overheating. A fixed-delivery version of this pump is also 
available. 

Another Dowty Rotol exhibit is a power pack which 
basically consists of a “‘Vardel” pump, driven by a 
7:5-hp, 1500-rpm electric motor, or a 10-hp, 3000-rpm 
motor, and a 15-gal hydraulic tank. The motor and tank 
casings are finned for cooling the unit during normal 
on/off operation, while the tank can be immersed in water 
for continuous running or for sub-tropical work. The 
complete power pack, which is weather-proof, weighs 
325 lb and measures 22 in. in diameter by 42 in. in 
height. 

Other exhibits include “Hydel” valves, which are 
solenoid-operated three- or four-way units suitable for 
pressures up to 4000 psi at temperatures between —54 
and +-70°C. The solenoids have a rating of 0-4 A maxi- 
mum, and the valves permit high flow rates with a low 
pressure drop under continuous operating conditions in 
all cl sates. 

In addition to hydraulic equipment, Dowty Rotol are 
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exhibiting electrical units for automatically synchronizing 
the speed of two or more engines, or other types of 
rotating mechanisms. This synchronizing equipment 
primarily consists of a small, three-phase alternator 
fitted to each of the engines to be synchronized, including 
a selected “‘master’’ engine, and a corrector motor 
incorporated in the control system of the “‘slave”’ engines. 
These units automatically adjust the slave engines to 
exactly the same rotational speed as the “master”. 
This is clearly demonstrated by a rig with two rotating 
spiral display faces representing the master and slave 
engines respectively. In the centre of the rig is a 
frequency-meter indicating the relative speed of the 
slave to the master. By means of a manual control, the 
speed of the slave engine can be varied to make it slower 
or faster than the master; then the synchronizing 
equipment is switched on and brings the slave back to the 
speed of the master engine. 


Hancock & Co. (Engineers) Ltd. 


In addition to representative examples of their range 
of machines, including the ““Hancoline” oxygen profiling 
machine with electronic tracing device and with the new 
automatic height control, and the ‘“‘Hancomaster” 
general-purpose profiling machine, both of which are 
shown in operation, Hancock & Co. (Engineers) Ltd., 
of Croydon, are exhibiting two new machines, i.e., their 
lightweight flame planing machine and their tube 
profiling machine. 


Fig. 4. 


The lightweight flame planing machine (Fig. 4) can 
cut all four sides of a plate simultaneously and will 
provide the usual types of preparation for welding. This 
machine is a specially simplified version of the ““Hanco- 
plane”, and it is claimed that it will cost substantially less 
than other machines of similar capacity and performance. 
The machine can deal with a maximum width of steel 
plate of 12 ft and standard lengths up to 30 ft, though 
this can be increased to any desired length by extending 
the rails. The machine is also designed to provide for 
contour cutting, which is particularly applicable in the 
shipbuilding industry. The three gantries carrying the 
cutting heads run on precision-ground rails, and the 
main gantry, which makes the longitudinal cuts simul- 
taneously, is propelled by a variable-speed motor. 
Mounted on the gantry are two carriages carrying the 
compound cutting heads, which are fitted with a graduated 
tape to enable the heads to be set to cut a plate of any 
given width, eliminating the necessity for marking out. 
The heads can also be adapted for contour cutting. 
The two gantries for making the end-cuts carry variable- 
speed motorized tractor units, each of which is fitted 
with a compound burner-head for making transverse 
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cuts. Controls are centralized at a position convenient 
for the operator, and the burners are controlled by 
switches operating solenoid valves. 

The new tube profiling machine is the only machine 
on the market capable of producing its own templates 
from a drawing, and is particularly suitable for the weld 
preparation of pipes from 3 to 12 in. in diameter. The 
standard machine deals with the preparation of branches, 
but an optional attachment is available for cutting the 
corresponding holes in the main pipe. All these cuts can 
be made for pipes to be set either at right-angles to each 
other or at any desired angle of off-take. The machine 
works from templates which are made direct from 
drawings by means of a special attachment on the 
machine. These templates may be made from stock pipe, 
and drawings are available to cover a complete range of 
standard pipe sizes and angles; in fact, a “library” of 
standard template drawings is also supplied. The 
machine is provided with a multiplying device; for 
example, the template for a 3-in. pipe at 45 deg. into a 
6-in. pipe may also be used for a 6-in. pipe into a 12-in. 
pipe at the same angle. The drive is effected by a 
fractional-horsepower motor with infinitely variable 
speed, and the whole machine is made as a self-contained 
unit for easy transportation. 


G. & J. Weir Ltd. 


In addition to a range of their boiler feed regulators, 
glandless high-speed marine-boiler feed pumps, and the 
latest version of their two-stage rotary reciprocating 
design of air compressor for starting diesel engines in 
ship installations, G. & J. Weir Ltd., of Cathcart, 
Glasgow, are exhibiting their “F.1" two-stage flash 
evaporator and their “D.1”" marine evaporator. The 
F.1 two-stage evaporator shown is the 20-ton/day 


version of a new range of high-efficiency marine evapora- 
tors with outputs of 20, 30, 40, 50, and 75 tons per day. 
The unit is of compact design and incorporates a distilling 
condenser, an external feed heater, brine and distillate 


pumps, and a steam-jet air ejector. Utilizing the once- 
through principle of brine circulation, it also incorporates 
demister screens of finely knitted Monel-metal wire to 
prevent carry-over of water droplets into the vapour. 
These units are also suitable for land installations. 
The D.1 evaporator is of the submerged-tube type, 
designed expressly for use in motor-vessels, and employs 
main-engine cooling water as the heating medium. The 
unit is of vertical cylindrical design and is supplied 
complete with brine and distilled-water pumps, an 
air-extraction pump, and a distilling condenser. These 
units also employ demister screens of Monel-metal wire, 
and are available in six standard sizes giving outputs 
ranging from 5 to 30 tons per day. 

Other Weir exhibits include an example of a new 
range of multi-stage electrically driven centrifugal pumps 
for land-boiler feed duties, with capacities from 1000 to 
2500 gph and maximum discharge pressures from 330 
to 280 psig. They are also available as marine pumps 
with capacities up to 3000 gph and pressures up to 280 
psig. 

Another new product exhibited is a Weir high- 
vacuum exhaust steam turbine, which is the latest addi- 
tion to their range of auxiliary turbines. This unit is of 
the horizontal geared type and is intended primarily for 
use on motor vessels where high-pressure steam is not 
available. Of the simple impulse type, the turbine has 
one pressure stage and two velocity stages and is designed 
for steam supplies up to 250 psig and 750°F, developing a 
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maximum of 650 bhp at the shaft extension. The shaft 
speed is infinitely variable up to a maximum of 1200 rpm, 
making it an eminently suitable unit for driving cargo oil 
pumps. 

An important branch of the company’s activities, i.e., 
seawater-distillation plant, is represented by a 1/24th 
scale model of a “Multiflash” plant with a capacity of 
1,000,000 gallons per day, similar to the two units 
recently designed and built for the Government of 
Kuwait in the Persian Gulf. In addition, examples of 
products from subsidiaries of G. & J. Weir Ltd., are 
being shown. Of these, a product of Alley Compressors 
Ltd. is a Series 56B No. 9 two-stage compressor with a 
nominal capacity of 760 cfm, one of a range of single- and 
multi-stage compressors for low and high pressures, with 
two, four, or six cylinders, in capacities up to 1250 bhp. 
Another product from a Weir subsidiary is the County 
marine dialyser, made by the County Water Softener Co. 
Ltd., for the emergency production of fresh water from 
seawater in ships’ lifeboats. This equipment operates on 
the electro-dialysis principle and is worked by two persons 
turning handles at each end of the casing generating 
electricity for the electro-dialysis process and also for 
operating a radio transmitter which automatically sends 
out an S.O.S. signal. This equipment can produce about 
2 gal of fresh water per hour. 


Crossley Brothers Ltd. 


In addition to the Crossley-Beer double-ended taper- 
turning machine for producing identical tapers in the 
bore of valve bodies and on the valve plugs of taper 
valve cocks, ensuring an as-machined precision fit, 
Crossley Brothers Ltd., of Manchester, are exhibiting 
for the first time the new Crossley-Trurnit precision 
woodscrew-thread hammering machine, developed by 
Walter Trurnit of the Trurnit Company at Waldschut on 
the Swiss-German border and for which Crossley 
Brothers Ltd. have the world manufacturing and selling 
rights. 

The Crossley-Trurnit process, which is smooth- 
running and quiet, is quite different from thread-rolling, 
in which blanks of reduced diameter are used and the 


Fig. 5. 
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Fig. 6. 
material swells up to a larger diameter without changing 
its length. On the other hand, in thread-hammering, the 
blank is of the same diameter as the finished screw, but 
elongates during hammering. Progressive deformation 
can take place with hammering, without damaging 
the structure of the material or the hammer dies. 


Fig. 7. 


Basically, the process involves the use of two separate 
machines, i.e., a pointing machine and the screw-thread 
hammering machine. The pointing machine (Fig. 5) 
machines a point or cone on the tip of the screw and also 
cuts on the tip a screw thread comprising only two or 
three threads. The partly machined blank is then fed 
into the hammering machine (Fig. 6), where mechanical 
devices pick up the thread on the tip of the blank and 
continue it by hammering along the length of the screw. 
Both machines are automatically fed from overhead 
hoppers, and finished screws are produced at a rate of 
from 1 to 3 seconds per piece, according to size. 

As the Crossley-Trurnit pointing machine has a 
higher rate of output than the hammering machine, the 
manufacturing aggregate should ideally consist of 
multiples of two pointing machines to three hammering 
machines. Fig. 7 shows (left) a typical blank from which 
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a screw is made, in this case a roofing screw of 7 mm 
diameter, with a blank length of 90 mm. In the middle 
of the illustration is the blank after machining in the 
pointing machine to produce the conical tip with two or 
three screw threads on it, while at the right can be seen 
the finished screw after the hammering process and the 
consequent elongation of the screw, which is now 
110 mm in length. The rate of production from two 
pointing and three hammering machines for screws of the 
type illustrated in Fig. 7 is 3660 per hour. 


LimiTorque Valve Controls Ltd. 
Opperman Gears Ltd. 


Exhibits by LimiTorque Valve Controls Ltd., of 
Newbury, Berks., include their automatic valve control 
units, which can be fitted to any size of valve in any 
position, as well as to sluice-gates and bulkhead doors. 
In this equipment, the first reduction is effected by a 
helical gear and pinion of heat-treated alloy steel, while 
the second reduction and final drive are carried out by 
means of a hardened-alloy steel worm and a high-tensile 
nickel-bronze wormwheel. The worm gear drives the 
valve-nut assembly through two lugs, producing a 
hammer-blow effect which allows the motor and gears to 
reach full speed before torque is applied to the valve 
stem, thus ensuring freeing of “sticky” valves. A 
similar arrangement on the hand-wheels of the larger 
LimiTorque units prevents valves from “freezing” in the 
event of a power failure. A torque limit-switch auto- 
matically cuts off the power source, should a valve 
become obstructed when closing. 

Among exhibits shown by the parent company, 
Opperman Gears Ltd., of Newbury, are double-reduction 
worm-gear speed reducers with output torques up to 
100,000 Ib-in., and single-reduction worm reducers for 
power outputs up to 120 hp. Geared motor units with 
single worm gearing, in a wide range of sizes, from 
fractional-horsepower to 60 hp, are also featured. 


The Vokes Group 


Four members of the Vokes Group of companies are 
showing a range of products, covering a wide field of 
application throughout the engineering industry. Thus, 
Vokes Ltd. are exhibiting actual working models of the 
**Autoroll”’ and §.C. automatic air filters, used in single 
and multiple air-conditioning and ventilating systems, 
as well as unit filters, such as the K.600 “Kompaks” for 
arranging in bank formation for large air-conditioning 
installations, and a complete range of high-efficiency 
“Absolute” filters in standard, high-humidity, high- 
temperature, and acid-resistant versions. Other exhibits 
by Vokes Ltd. include a range of lubricating-oil filters of 
various types and sizes, including the ‘“Top-Servicing”™ 
model, various types of fuel filters, the ““Renovair” unit 
for removal of tobacco smoke and airborne contaminants, 
and a range of intake and exhaust silencers for internal 
combustion engines. 

Another company in the Vokes Group, i.e., Stream 
Line Filters Ltd., is exhibiting purifiers for the fine 
filtration of lubricating, transformer, hydraulic, and 
other oils, as well as aviation-fuel filters and filter /water 
separators, radioactive-effluent filters, chemical and 
water filters, and filters for the dielectrics used in spark- 
erosion machines, embodying the well-known Stream- 
Line “edge-filtration” principle. 

Oxy-Catalyst Sales Ltd. are illustrating the ““Oxycat”’, 
the oxidation catalyst for eliminating obnoxious indus- 
trial gaseous effluents, as well as exhaust purifiers and 
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mufflers for the elimination of carbon monoxide fumes 
and odours such equipment as petrol and diesel 
engines. 

Finally, Vokes Genspring Ltd. are exhibiting a wide 
range of pipe and ducting equipment, including “*M’”’-type 
constant-support hangers for supporting pipes and 
ducting in power stations, refineries, chemical plant, etc., 
together with variable-support hangers for similar 
applications, but where less critical conditions apply. 
Other exhibits from Vokes Genspring Ltd. include sway- 
braces for the protection of large steam lines, feed-water 
lines, etc. from shock or vibration, the ““Universal’’ tool 
support for use with heavy manually operated tools and 
equipment, and a range of ““Genflex” bellows expansion 
joints in sizes from 3 to 120 in. in diameter. These latter 
units are mainly used for absorbing the expansion and 
contraction of pipe systems as a result of temperature 
changes and supersede conventional methods of absorb- 
ing pipe movements by means of expansion loops. They 
are compact and flexible, and will absorb vibration and 
movement in all planes, thereby simplifying installation 
and reducing maintenance costs. 


Castrol Industrial Ltd. 


In addition to a range of their turbine lubricants, 
including the “‘Nucleol’”’ series of radiation-resistant 
lubricants for land-based and marine applications, 
Castol Industrial Ltd. are displaying and demonstrating 
a new development in the technique of automatic 
lubrication application, this being in the form of their 
new universal centralized lubrication system, particular 
emphasis being placed on the application of this system 
in the steel industry. Technical literature devoted to this 
system and to many other aspects of industrial lubrica- 
tion, as well as the company’s series of books dealing 
with lubrication techniques in a wide range of industries, 
is also being featured on the Company’s stand. 


Keelavite Hydraulics Ltd. 


Comprising what is probably the most comprehensive 
range of hydraulic units ever shown in the U.K., 
Keelavite Hydraulics Ltd., of Allesley, Coventry, are 
featuring a complete series of pumps, control valves, 
and actuators, with all ancillary equipment, including 
*“KeelaRing” pipe couplings for pressures up to 7500 psi, 
and “KeelaTite” pipe couplings, which are normally 
available in cadmium-plated steel, but can now be 
obtained in stainless steel. 

In addition to the “Hydro-Titan” series of variable- 
delivery axial-piston pumps for accurate and sensitive 
control, a new series of K.G. fixed-delivery piston 
pumps developing pressures above 7000 psi is being 
shown, together with a complete range of high-pressure 
valves specially designed for use with the K.G. high- 
pressure pumps. Other valves include a new range of 
gasket-mounted units, intended to meet the increasing 
demand for control valves using this type of mounting. 
These valves are available in a wide range of port sizes 
and are suitable for pressures up to 3000 psi, and types 
shown include directional valves, non-return valves 
(including pilot-operated non-return valves), relief 
valves, and flow-control valves. 

Finally, mention must be made of an exhibit compris- 
ing a full-size model of what is believed to be the largest 
hydraulic gear pump/motor ever constructed for 
industrial purposes. This unit has a capacity as a pump of 
96 cu in. per revolution, while the torque developed as a 
motor amounts to 1400 Ib-in. per 100 psi. 
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BERARDI 


SHUTTLE TYPE MULTISPINDLE MACHINE VCM III surras_Le For TAPPING 


OPERATION ON THE CYLINDER BLOCK OF 
A NEW DESIGN PRIVATE CAR. SPINDLES 
TYPE CM WITH BUILT-IN LEAD SCREW. 
THE COMPONENTS ARE CLAMPED IN A 
FOUR STATIONS, HORIZONTALLY REVOL- 
VING FIXTURE, ALLOWING THUS IN A SIN- 
GLE SET-UP THE MACHINING OF 4 SIDES, 
THAT IS 82 HOLES ALL TOGETHER. 


TEL. 55 352 
> Member of UCIMU 


RINO BERARDI 
BRESCIA - ITALIA 
VIA LAMARMORA 105 


OFFICINE 


& 
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Straightforward, easy-to-fit 
Hoffmann bearings with shields to 
retain lubricant, were specified 
for this job, to ensure depend- 

| ability, efficiency and smoothness 
of movement, the prime features 
in applications of this nature. 


OMIBK g.. 
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NEARLY 8.000 
HOFFMANN 
BEARINGS 


Al N see 
Londoners, journeying to the City call 


it “The Drain"—the foot-tunnel that leads from The 
Bank Underground station to the Waterloo and City line. 
But now tired or hurrying feet need no longer tread 
its length; they can step upon the Trav-o-lator and be 
carried all the way. 

Manufactured by the Otis Elevator Company Limited, 
for British Railways, Southern Region, the Trav-o-lator 
is, in effect, a moving pavement some 515 feet long. 
It consists of 488 individual, but closely-linked platforms, 
each of which rides upon four wheels with two Hoffmann 
bearings fitted to each wheel. 

There are two Trav-o-lators, one for up and the other 
for down travellers, and so we can say, with pleasure, 
that there are nearly 8,000 Hoffmann bearings down 
“The Drain” 


Twin Trav-o-lators viewed from platform level 
Photograph by kind per- 


mission of Otis Elevator 
Company Limited 


HOFFMANN 


BALL AND ROLLER BEARINGS 


THE HOFFMANN MANUFACTURING CO. LTD., CHELMSFORD, ESSEX. 
TELEPHONE: CHELMSFORD 3151 TELEX NO: 1951. 





Men who 


brew beer use 
“BROOMWADE” 
Air Compressors 


Compressed air is widely used for various processes in 
ae. 
hipps Northampton Brewery Company Limited installed 
their wn “BROOMWADE” Air Compressor in 1924. Now 
they have ten in constant operation—one of which has been 
in service for 33 years. They have recently replaced three of 
these compressors with the latest Type C660 Dry Cylinder, 
Carbon Ring Models, specially designed and constructed to 
supply clean oil-free compressed air. 
*‘BROOMWADE” Air Compressors have served this 
famous brewery well for 36 years—a remarkable tribute to 





Three of the latest type 
“BROOMWADE” Type C660 
Carbon Ring Oil Free Aijr 
Compressors installed by 
Messrs. Phipps Northampton 
Brewery Company Limited, by 
whose courtesy this photo- 
graph is reproduced. 

hief Engineer: Mr. T. H 
Cockerill A.M. Inst. B.E 


“BROOMWADE” Type 
C660 Dry Cylinder Carbon 
Ring Single Stage Air Com- 
pressor delivering 100 c.f.m 
of OIL-FREE compressed air 
at 100 p.s.i. Speed 600 r.p.m 





the outstanding characteristics of all “‘-BROOMWADE” 
equipment— 
ECONOMY, EFFICIENCY and RELIABILITY. 

“BROOMWADE” manufacture a wide range of station- 
ary air compressors with outputs from 2 to 2,200 c.f.m. of 
free air at 100 p.s.i. including models specially designed to 
supply clean, oil-free compressed air. They are backed by a 
world-wide network of works trained technical representa- 
tives and service engineers. 


Write for full details 


Air Compressors and Pneumatic Tools - Your Best Investment 


Broom & Wade Ltd., P.O. Box No. 7, High Wycombe, Bucks. 
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Telephone: High Wycombe 1630 (10 lines) Telex: 83-127 
824/1 SAS 
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From Design—to 














Prototype— a We shape the things ro come / 


| 
to Production work 


in Sheet Metal and full Panel Assemblies 


The Abbey Panel 


& Sheet Metal Co. Ltd. 


D. ARB AND Ci 





BATTON ROAD + EXHALL *« WA COVENTRY 
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Comprehensively 
individual 


Whether built as individual 
machines or as part of com- 
prehensive Allen power and 
pumping installations, Allen 
products are tailored to suit 
specific needs. Specializing 
in “specials” is, in fact, an 
Allen activity as firmly estab- 
lished as the Allen reputation 
for high-quality engineering. 


May we send you details of the 
equipment we make ? 


PNIBIBESN| 


- Steam turbines; turbo-generators; 
Electrical diesel engines; diesel-generators; 
Equipment , i steam engines; gas turbines; con- 


densing plant; pumps (centrifugal, 
mixed-flow and axial-flow types); 
alternators; d.c. generators; a.c. and 
d.c. motors; motor control gear; 
switchboards; epicyclic gearing. 


ENGINEERING 


, Marine Welding 
Stand No. 1, Row D, Grand Hall & Nuclear Energy 


EXHIBITION 


OLYMPIA LONDON APRIL 20-MAY 4 1961 
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Makers of scientific instruments since 1856 





Make an instrumental note... 


that if you have anything to analyse, to measure, 
‘ ‘ » } 
inspect, or survey, the people to help you are Hilger & Watts. __ +/ 


Autocollimators, Block Levels and Clinometers, Circular _- 


Division and Angle Measuring Instruments, Dividing Engines, 
Linear Measuring Machines, Microscopes, Gauge Interferometers, 
Optical Flats, Angle Gauges, Polygons, Etc., Scales and Circles, 


Projectors, Analytical Instruments, Surveying Instruments. 


HILGER AND WATTS LTD - 98 ST PANCRAS WAY 


JRILGER & WATTS LTD., DORTMUND HURDE, GERMANY HILGER & WATTS INC., CHICAGO 5, U.S.A 
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NO MORE 
D.C. MOTOR 


Not long ago, many people thought 
it impossible to get D.C. motors 
quickly and at a reasonable price 
Some people still think so 


They don’t know about E.P.E 


*E.P.E. specialise in D.C. equip- 
Mem, combining their many years 
experience in thisfield with a keen 
interest, in. new techniques. They 
can supply D.C. motors and 
generators of any enclosure 
quickly and at a reasonable price 


If you’ve a D.C. motor problem, 
why not bring it along to E.P.E ? 
If they haven’t a solution in stock, 
they'll be happy to make one for 


you ! 


E-P-E 


ELECTRICAL POWER ENGINEERING CO. (B’ham) LTD. 
Bromford Lane, Birmingham 8 
"Phone: STEchford 2261 ’Grams: Torque Phone: B’ham 


London Office 42!, Grond Buildings, Trafalgar 
Squere, W.C.2 ‘Phone: WHitehall 5643 and 7963 
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Automotive Engineering Limited 


The Green, Twickenham, Middlesex 
Telephone: POPesgrove 2206/9 
Telegrams: Motif Twickenham 


ONE OF THE SHEEPBRIDGE ENGINEERING GROUP 


SEEGER CIRCLIPS ARE ON THE ROLLS-ROYCE APPROVED LIST 
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Keeping 


out of 


under construction for the 
Central Electricity Generating Board 
by the English Electric, Babcock and Wilcox and 
Taylor Woodrow Atomic Power Construction Company Ltd. 


When Taylor Woodrow positioned this 3,900 ton caisson 
accurately above the tunnel being drilled 

under the rock below, the correct distribution of the loads 
to the structure as it settled on the bed 


of the Bristol Channel was of paramount importance. 


Saunders-Roe strain gauge engineers 
provided a simple electrical system for measuring 
the loads in the spud legs. 


This is but one example of the way in which 
Saunders-Roe foil strain gauge techniques requiring 
only simple electrical measuring instruments 

are contributing to research development 

and every day instrumentation over an almost 
boundless field of industrial activity. 


For full details write to:— 


SAUNDERS-ROE 
STRAIN GAUGE DIVISION: OSBORNE WORKS, EAST COWES, ISLE OF WIGHT 
TELEPHONE: COWES 2211 


A MEMBER OF THE WESTLAND GROUP OF COMPANIES 
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ATOMIC POWER 
RESEARCH 


The research laboratories of the English Electric 
Atomic Power Division at Whetstone, Leicester 
are fully equipped to undertake chemical 
research both on graphite moderated and 
organic moderated type reactors. 





POWER GENERATION 
POWER TRANSMISSION 
POWER DISTRIBUTION 
POWER CONVERSION 
POWER TRANSFORMATION 
POWER CONTROL 
alii epmseaeene Power is our business 


POWER MEASUREMENT 


THe ENGLISH ELECTRIC Company Limitep, ENGLIsH ELECTRIC House, STRAND, LONDON, W.C.2 


Partners in Progress with NAPIER, MARCONI’S, VULCAN FOUNDRY and ROBERT STEPHENSON & HAWTHORNS in 
The ENGLISH ELECTRIC Group 
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New ‘Standard’ Screens 
give 


2-way protection 


Fortox Standard Screens provide an easy and cheap 
way to reduce wear on the slides of machine tools. 
They exclude dirt and swarf and preserve lubricated 
surfaces thus cutting down wear, reducing mainten- 
ance and lengthening the life of a machine. 
Manufactured from very heavy neoprene coated nylon 
fabric, Fortox Standard Screens are completely flexible 
and tools and work pieces may be rested on them 
without fear of damage. They are available ina number 
of stock sizes and ordering is made simple from our 
illustrated sizing and price charts, sent on application. 
We manufacture Flexible Covers designed 
specifically to fit any part: of a machine requiring 
protection. Single items can be made without tool 
charge. Write for our technical book ‘‘Corrugated 
Covers for Machine Tool Protection.’’ Ask also about 
Fortox Leather Seals and Packings made to requirements. 


See Stand No. 9, Outer Row, Grand Hall Gallery, Olympia, 
Engineering, Marine, Welding & Nuclear Energy Exhibition. 
- HENRY BEAKBANE (FORTEX) LTD. Fit a 


Head Office 


4AAAYN 
OLDINGTON TRADING ESTATE, KIDDERMINSTER 
FORTOX FOR a o>. 4 WORCS. Tel: Kidderminster 5061. ° 
, } Grams: Beakbane, Stourport 








wh 4 , Tare London Office: 
. flexible covers 28-30 LITTLE RUSSELL STREET, LONDON, W.C.1 

Tel: Holborn 7295 

Grams: Beakbane, Westcent, London Cover 





steel rings 


IN CARBON AND ALLOY STEELS 
PLAIN RECTANGULAR AND SPECIAL SECTIONS 


JOHN BAKER & BESSEMER LTD 


KILNHURST STEEL WORKS 
G.P.O. BOX, NO. 3, ROTHERHAM 
TELEPHONE: MEXBORO' 2/547 & 379 
TELEGRAMS: TYRES MEXBOR 


LONDON OFFICE: 
details 
apacity 
n request 
P5347 
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GOOD 


VIEW ! 


is mouldings-just one fixing screw 


The wedge (a) holds the lens 
(b) in position securely, 
yet allows for minor 


alignment adjustments. 


Electrical contact slips (c) 
are attached by meta/ 
fasteners (d) which clip 
over plastic pins. 


The overlapping ledge (e) 

holds the slide (f) in 

position and simultaneously 
completes the electric circuit. 
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Keen on photography? Next time you pass a photographic shop look at this 
brilliant, new, colour-viewer by Johnsons of Hendon Ltd. Asa photographer 
you will appreciate its undoubted efficiency and the advantages of its variable 
magnification. Thei arrang for holding the slide in position 
also closes the electrical circuit to provide illumination without resort to 
finger-pressure or a switch. 





Asa plastics engineer or user, you will be impressed by the superlative 
finish of the two-colour injection mouldings, the single fixing screw and the unique 
way the lenses have been secured. We co-operated in the design, made the tools, 
produced the Id and handl y and packaging. Our associate com- 
pany the British Optical Lens Co. phn me ‘and produced the glass lens system. 


E.EIliott Limited 


The plastic moulders with the engineering background 
315 SUMMER LANE, BIRMINGHAM 19 
Telephone: ASTon CROSS 1156/7/8/9 







































MATERIALS range rom Mild and Stainless 
——— ware on 
Steels.to heat resisting “‘Nimonic”’ Alloys. 


- 

WELDING CAPACITY of up to 15 sq 
ins. in Mild Steel, 64” dia. and 8 ins. cross 
sectional area of Mild Stee! Tubes. 


Flash 
Welding 


WELD QUALITY of complete uniformity 
and accurate tolerances minimises machining. 





Ask REYNOLDS Technical 


Staff to advise on the MODERN MACHINES of up to 60 tons 


upset capacity. 





application of Flash Welding 
TESTING and inspection to A.I.D. Standards 


a — 
b d out. 
to YOUR products. Se ee 
WELDING FACILITIES are supported by ya 
comprehensive manipulation and heat treat- <a > 
ment plant. " Vde* 
‘) Ln 
® Please write for NS ~ 
leafi HE. 1 
sa a REYNOLDS TUBE CO LID TYSELCY BIRMINGHAM |! E.12 *% 

















HOISTS 


With a complete range of 
dependable hoisting, 
loading and handling 
equipment, Aabacas offer 
you over forty-eight years’ 


BOX LATTICE CRANES 


experience in the science 
of saving time, space and 
production costs. 


.. first name in ELECTRIC CRANES, TELPHERS & HOISTS 


Send now for complete reference catalogue to Sales Dept., 
AABACES ENGINEERING CO. LTD. Head Office & Works: GRANGE RD., BIRKENHEAD. Telephone: 6673 


London Office | | 









ST. MARTINS HOUSE, 29 LUDGATE HILL, B.C.4 
Tel: C1T y 7831-2 
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Greater Efficiency” 


at lower D.C. voltages 


with 
HEWITTIC 


GERMANIUM 


RECTIFIERS 
EMPLOYING HEWITTIC DIODES 








Greater efficiency — much greater at low 
voltages — plus reliability are features of 
Hewittic germanium rectifiers — designed 
and produced throughout against a rectifier 
engineering background of over SO years. 
The illustrations show a Hewittic air cooled 
germanium diode and a 400 kW 230-0-230 
voit D.C. (3 wire) Hewittic germanium 
rectifier for general workshop supply at the 
Crewe Locomotive Works, British 
Railways, London Midland Region. 

Silicon equipments can also be supplied. 


Send for Publication R.193. 


HACKBRIDGE & HEWITTIC 
ELECTRIC co., LIMITED 


WALTON-ON-THAMES, SURREY, ENGLAND 


Telephone: Walton-on-Thames 28855 (8 lines Telegrams & Cables: “Electric, Walton-on-Thames 
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THINGS 
ARE BETTER 


PUT ON 
EVERTAUT 

















This new Catalogue gives you fact-packed informa- 
tion on Evertaut Shelving and Works Equipment... 
a range that meets your every requirement, saves 
space, time and money. Write today for a copy to 
keep in your files. 


POST COUPON FOR CATALOGUE 


To EVERTAUT LTD., ee. See. PERRY BARR, 


Please send me the Evertaut Stee! Shelving & Works Equipment Catalogue 

















DID YOU KNOW 
that we specialise in 
HARD CHROMIUM 
on piston rods? 


Note carefully these Special Features 
of our Service 





Special Centreless Polishing 
echniques for Preparation 
and Finishing of Rods. 

yp gy Deposits from 
.0002”—.0015” 








x Any Length from 1”—10’. 
% Full Co-operation with Customers’ 
Production. 

*& Quality Work at Competitive Prices. 
Can you afford NOT to see samples of 
our Work? (if necessary our very high 
Finish is prepared from ordinary Selected 
Drawn Stock). Why not write or tele- 
phone today ? 


ATLAS PLATING WORKS LTD 


Avenue Road, Acton, London, W.3 
Telephone : ACOrn 1102-3-4 




















and it 


OILS - GOOLS*- CLEANS 


% Cleans and oils flat or curved strip. 

% Discourages waste and eliminates breakages. 
%*% Suitable for upright or inclined presses. 

% Adjustable for various tools. 

% Available in two sizes for strip up to 6” wide 


Write for special leaflet 





a. F-C-LYCETT L” 
BULLOCK St - WEST BROMWICH - STAFFS 
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WHEN WE 
GAY IT 


PRIMES 


Firth Cleveland single and multi stage self-priming centrifugal 
pumps prime automatically under the worst pumping conditions. 
They will prime and expel air against a pressure of 30 p.s.i., 

prime into downward-sloping discharge pipes, prime against 
closed discharge valves and up to 1 ft per second. These pumps 
are so accurately engineered that they dispense with suction 

clack valves. They are designed for permanent installations to 
operate continuously at or near peak performance with consistently 
high efficiency and without frequent skilled attention. 





. SS. 





Closer tolerances, greater precision and better materials mean that 
you use less power for the same performance, cut internal losses 
and save on maintenance. If your requirements call for a pump in 
this special category, let us send you a design and estimate. 

We can handle any enquiry for pumps ranging from approximately 
20 to 1,000 gallons per minute at pressures up to 150 Ib. sq. in. 


FIRTH CLEVELAND MULTI-STAGE 
CENTRIFUGAL PUMPS 


For Water Supply - Aircraft Fuel - Hydrant Systems - Chemical Plant - Oil Refineries 


Firth Cleveland Pumps Limited, Premier Works, 
Earl Shilton, Leicester. Telephone: Earl Shilton 2071 


A MEMBER OF THE FIRTH CLEVELAND GROUP Fo 


caci2 
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VOKES OIL FILTERS 


Vokes filters fitted to your engines save money three ways, for by 
removing impurities from the lubricating oil they improve engine 
performance, lengthen engine life and make possible longer periods 
between servicing. Made and guaranteed by Vokes for the complete 
protection of modern bearings and gear boxes. Inexpensive on first 
cost, simple to install and the most economical in use. Please write for 
full details of the complete range. 





Illustrated left is a Vokes single bowl full-flow lubricating oil filter 
fitted with a by-pass device which ensures a continuous flow of oil 
should the insert become choked. Manufactured in four sizes with 
capacities from 750 to 2,000 g.p.h. 


Direct mounting type. ‘Top Servicing’ type with Duplex ‘Top Servicing’ Triple bowl, parallel flow 
200-700 g.p.h. capacities. articulated clamp. 3,000- 1000-5000 g.p.h. capac- type. 1200 and 1600 g.p.h. 
5000 g.p.h. capacities. ities. capacities. 


VOKES LTD: GUILDFORD: SURREY 
Telephone: Guildford 62861 (6 lines). Telex: 8-535 Vokesacess, Guildford. 
Telegrams & Cables: Vokesacess, Guildford, Telex. 

Represented throughout the world 





V552 
172 


THE ENGINEERS’ DIGEST 


















40M. and CM. 3-Speed and Reverse 

constant mesh Gearboxes with transfer units 
six forward speeds down to 13.76: 1 in bottom 
Ratios selected to give two 


gear and two reverse speeds. 
In high gears, a transmission 


3-speed Gearboxes in one. 
available for working on good surfaces with moderate loads, and 


engagement of low transfer gears alters the transmission 






characteristics to suit heavy loads and bad going. 


, 


PP Pings 


iy 
hs 


i) 


< Spy) 


S))) 


Vow 6 SPEED 


GEAR BOX 
Pp. R. MOTORS LIMITED 


Aldbourne Road, Coventry. Telephone: 25382/3/4 
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The fluid clutch combines a fluid and centrifugal 
coupling, utilising the best features of each type. 
It provides a really smooth take up from rest 
while the centrifugal element ensures a 
positive drive with cool running. 

With the fluid clutch the electric motor is 
permitted to accelerate to its full speed in the 
shortest possible time and the current quickly 
falls to a safe value while the load is accelerating 
under the influence of a substantial torque. 


WRITE FOR DETAILS OF THIS INTERESTING UNIT 


SELF-CHANGING GEARS LTD 
Patentees and makers of ‘Wilson’ Gearboxes LYTHALLS LANE - COVENTRY - ENGLAND 





If you require pressings consult Ward 

(Metal Details) Ltd. We are specialists 

in the manufacture of all types of small 

and medium pressings of any shape, size 

and thickness, in steel, tinplate, copper 

etc. from which complete assemblies can 

be fabricated by welding, soldering or 

brazing. 

illustrated here are some examples of Le) 
our products, and similar components : 

can be produced to your own specifica- (METAL DETAILS)LTD 
tion and design, and supplied in painted, 


plated or enamelled finishes. DARLAS TON STAFFS 
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For NEWMARKET TRANSIS 


a member of the PYE group of companies 








Continuous mesh belt conveyor 
furnace alloying germanium 

in the manufacture of 
Newmarket transistors. 
Maximum temperature ; 1000°C, 
+” belt travels at O—12” 


per minute. 
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The cost of a specially designed 
furnace is no more than for standard 
plant. Judge for yourself— 

For your next furnace get a quotation 


from Royce. 


ROYCE! ROYCE ELECTRIC FURNACES LIMITED 


ALBERT DRIVE SHEERWATER - WOKING « SURREY 
Telephone Woking 5401-4 


ed 
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BUT FOR KEY APPLICATION TO MACHINES 


wate Wedtlg Gute ly Wiig 


SV_ 
HEADED, PLAIN AND IP SREMO 


WOODRUFF KEYS 
Also manufacturers of 


SOLID AND SPLIT FREDERICK Gaeurens (Bham) LTD. 
TAPER PINS FREMO WORKS - MOSELEY ST BIRMINGHAM, § 


Telephone Diand 7984 PBX 
Telegrams FREMO 





WATER THINNED STOVED COATINGS 


Based on RESYDROL Resin made by Holdens* 





Thin with water. 


Hot Spray, Cold Spray or Dip. A brand new 
For Application to Ferrous and Non-Ferrous Metals HOLDEN 


Optimum Corrosion Resistant Properties development 
No Fire Hazards 











Ask us for full technical details 

ARTHUR HOLDEN & SONS LTD 
BORDESLEY GREEN ROAD BIRMINGHAM 9 
Telephone: ViCtoria 2761 
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Dust 
Disturbs 
Precision! 





“p 


One milligramme may be decisive for the success of 
an experiment. But dust disturbs the precision of highly 
sensitive measuring instruments. The solution to 

this exacting problem is — seal with Tesamoll. 

It protects in a simple and reliable way all instruments 
which are sensitive to dust and humidity. 

The self-adhesive foam strip Tesamoll adheres 
perfectly to clean, dry surfaces. Simply take off the 


covering foil and press the adhesive side to the surface. 


Tesamoll 761, 762, 770 of Synthetic Foam. 
Tesamoll 771 of Closed Cell Foamed Rubber. 


Send for Technical Booklet and Samples to: 


SEALDRAUGHT LIMITED 


industrial Division ‘S’, Chandos House. 
Buckingham Gate, London, S.W.1. Tel: ABBey 3571 


jTesa 


Registered Trade Mark of P. Beliersdorf & Co. A.6. Hamburg 


Self-adhesive Tesamoll Foam aids precision 





THORP EQUIPMENT FOR THE INDUSTRY 











GAS FLOW . oS 
INDICATORS & 


5/10" PD. 

Direct Reading, variable aperture 
type, from 0 to 150 Ib./sq. inch. 
For all types of gases; can be calibrated 
to customers’ requirements. Brass 
body, stoved black crinkle finish. 


Cast Iron Body for Corrosive Gases. 


Scale Plate in black crinkle, chrome 
or polished brass. 


All Unions, etc., chrome plated. 
Stainless Steel Float, in clear glass tube. 
Customers when ordering should state— 
(a) Specific Gravity and 
Working Pressure. 
(6) Maximum and Minimum 
Rates of Flow. 






































SHMAS THORP KC) 11) 
MLMTS FLED Norn fy es 











HERMETIC pypeer cO.LTD 


Telephone: East 3638/9 
: Hermetic, 


m 


“Hermetic” Works, Priory Rd., Birmingham 6 
a 





a a 
aes 








“As sound as a Gloucester Casting”, means that 
Gloucester malleable iron castings are of high 
definition, true to pattern, cleaner and'smoother 
because of better sand practice and better 
fettling. 

Mould and core sands and their bonding 
additives are under constant laboratory super- 
vision, even the very sand grains are sized 

and numbered, and consistency and distribution 
of sand are strictly controlled by a 

continuous mechanical unit. 

The new elevator-type electric furnace anneals 
in 48 hours!—instead of the usual 7 days. It 
also allows greater control of the component 
during annealing, resulting in uniformity of 
metal, greater strength, and resistance to impact. 


3 fg 
..as Sound aS a Uloucester Cas ing? 
A typical Gloucester Malleable specification. 

H Gloucester Gloucester Lamellar 

Blackheart Malleable Pearlitic Malleable 

Elongation ove 18% Elongation vt 5% 

Yield Point .. 12 tons Yield Point -. 241tons 

Tensile Strength 25 tons psi Tensile Strength 35 tons psi 

Gloucester Foundry Ltd.. Emlyn” Works, Gloucester 


Bearing bracket in Malleable Quis tht ee email Telephone: Gloucester 23041. Telegrams: ‘Pulleys’ Gloucester 
Iron. Weight 3} lbs. vehicle in Malleable Iron (A subsidiary of the Gloucester Railway Carriage & Wagon Co. Ltd.) 























You can now choose Air Power Equipment from 
the combined ranges of Bellows and Valvair. 
Most comprehensive choice there is! Fast, 
flexible, safe Bellows-Valvair Equipment 
is production-proved on a multitude of jobs. 


Write for combined range booklets. 


HI - SPEED 
INUINES VALVES § 


DECELERATION 
MANIFOLDS 


PLUG -IN VALVE 


‘oxo Bellows -\alvair 


1206 Stratford Road, Hall Green, Birmingham, 28 co NTRO LLED Al R POWER EQ U IPMENT 


Tel: Springfield 6059 
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STRIATED 


An ideal non-slip 
paving for interior use, 
approach roads and 
loading yards. 


PLANE-SURFACED 


Very easily washed, this 
tile is recommended 
for interior factory 
flooring. 
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Vokes Ltd. 
Agency—Trowbridge, Pritchard & Co. Ltd. 
Vulcascot (Gt. Britain) Led. 
Agency—Ripley, Preston & Co. Ltd. 


Walker, Crossweller & Co. Led. 
ency—Beardmore Advertising Ltd 
Walpamur Co. Ltd., The 
Agency—Osborne-Peacock Co. Ltd. 
Ward (Metal Details) Led. 
Agency—Beardmore Advertising Ltd. 
Weathershields Ltd 
saw ee & Sharp 
Weir, G. & J., 
A welds et oH Industrial Advertising 
Wellman Bibby Co. Ltd., The 
Wells, A., & Co. Led. 
Wellworthy Led. 
Riggs Advertising Ltd. 
Westool Ltd. 
Agency—Tibbenham Ltd. 
Wharton Crane & Hoist Co. Ltd. 
Agency—Henry Pybus Ltd. 
White $.S. Dental Mfg. Co. (G.B.) Led. 
Whitehead, R. R., & Bros. Ltd. 
Agency—Stowe & Bowden Ltd. 
Whitehouse Industries Ltd. 
Agency—Hedley Byrne & Co. Ltd. 
Wicksteed & Co. (1920) Ltd. 
Agency—Nicholis, Dorrity Adv. Ltd. 
Witd-Barfield Electric Furnaces Ltd. 
Agency—Crane Publicity Ltd. 
Wolverhampton Diecasting Co. Ltd., The 
Agency—Sterling Advertising Ltd. 
Wragby Plastics Led. 
Agency—Wilsmore & Tibbenham Ltd. 


Young, Joseph & Sons Ltd 
Agency—MacDonald Adv. Ltd. 





MEENAN DORIVES 


Dynamatic, Ajusto-Spede, Dynaspede etc. 


The ‘‘ Ajusto-Spede”’ Fractional 
Horse-power Drive features 
Variable Speed from A.C. Mains 
and the outstanding success of this, 
yet another Heenan Drive has 
proved once again, that we are 
the experts. 


Over 20 years ago we introduced the 
firsts HEENAN-DYNAMATIC DRIVE 
and today many thousands of these Drives 
are serving a diversity of industries 
all over the world, thus proving that 


There is no substitute 


for experience 


HEENAN & FROUDE LTD. 
es |= Engineers - Worcester 


184 THE ENGINEERS’ DIGEST 





Take no chances about your supplies of Rolled 
Thread Screws—specify ORMOND and so make 
sure of both quality and quantity—delivered 
right on time and straight from our extensive 
stocks. For your individual requirements, we 
will gladly submit special quotations. Send for 


lists, which in addition to detailing Brass, Steel 
and Light Alloy Screws in Rolled and Cut Threads 
R | ( also feature Grub-screws, Nuts, All-threads, 
0 iW Hexagon Bolts and Set-screws turned from bar 
and Cold Headed Grades ‘‘A’’, “‘B’’ and High 
th reat Tensile. The repetition parts range covers 
single and multi-spindle automatics up to 1}’ 
SC rews diameter. 


THE ORMOND ENGINEERING Co. Ltd. =ORIMIOINID)™ 


Ormond House, Rosebery Avenue, London, E.C.1 
Tel: TERminus 2888 Grams: ‘‘Ormondengi, Cent’’ 








2 out of 3 


minutes saved! 


Typical application of S.P.K. MAI 
Hydro Pneumatic Drilling Machine 
fitted with standard S.P.K. 6-spindle 
Adjustable Centre Head. Drilling C.I. 
component with 6 holes }” diameter 
x 14” deep. 
Old time, using single spindle 
drill . . . 3 mins. 30 secs. 
New time, using S.P.K. equip- 
ment... 1 min. 21 secs. 





Can we help you ? 


SLACK & PARR Ltd. 


KEGWORTH, Nr. DERBY 
Telephone: Kegworth 306 














e.g. STANDARD inigGialal) SHORT STROKE LONG STROKE INCH METRIC TWO SPEED - FOUR SPEED 
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prolific single spindles 


SOLE AGENTS GREAT BRITAIN + BURTON GRIFFITHS & CO. LIMITED « KITTS GREEN * BIRMINGHAM, - TEL. STECHFORD 3071 - TELEX 33-207 








